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MARKERS FOR PROSTATE CANCER 

This application claims priority of and is a continuation-in- 
part of U.S. Serial No. 09/329,917, filed June 10, 1999, 
which is a continuation-in-part of PCT International 
Application PCT/US98/25483 , filed December 1, 1998, which 
5 claims the benefit of U.S. Provisional Application No. 
60/067,190, filed December 1, 1997, the content of which are 
incorporated into this application by reference. 

This invention was made in part with support under United 
10 States Government NIH Grant CA-DK-47650. Accordingly, the 
United States Government has certain rights in the invention. 

Throughout this application, various references are referred 
to within parentheses. Disclosures of these publications in 
15 their entireties are hereby incorporated by reference into 
this application to more fully describe the state of the art 
to which this invention pertains. Full bibliographic 
citation for these references may be found at the end the 
specification, preceding the claims. 

20 

Background of the Invention 

It has been postulated that the loss of function of a new 
family of negative cell cycle regulators, which act as 
cyclin-dependent kinase inhibitors and have been termed CKI , 

25 might lead to tumor development. CKIs fall into two families, 
Kip and Ink, on the basis of sequence homology. p27 Kipl is 
implicated in Gl phase arrest by associating with multiple 
Gl cycl in- dependent kinases, abrogating their activity. 
However, no tumor- specif ic p27 Klpl genomic mutations have been 

3 0 found in a large group of primary human cancers studied. 
More recently, it has been reported that proteasome-mediated 
degradation of p27 protein occurs during the cell cycle and 
that this degradation is increased in a subset of breast and 
colon carcinomas of poor prognosis. Purpose: The present 

35 study was undertaken in order to assess for potential 
alterations of p27 expression in benign prostatic hyperplasia 
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(BPH) and in a well characterized cohort of patients with 
prostatic cancer. 

Inactivation of the p53 and RB tumor suppressor genes has 
5 been implicated in the development and progression of a 
number of different cancers (1/2). It has also been 
postulated that the loss of function of a new family of 
negative cell cycle regulators, which act as cycl in- dependent 
kinase inhibitors and have been termed CKI , might also lead 
10 to tumor development (3) . CKIs fall into two families, Kip 
and Ink, on the basis of sequence homology (4) . Kip family 
members include p21 (also known as WAF1 , Cipl, or Sdil) 
(5-7), p27 Kipl (8-10) and p57 Kip2 (11,12). The Ink group 
includes four members: p i 6 ™«^>™ (13) § pl5 ink<b/mts 2 (14)# 

15 pl8 INK4C (15), and pl9 1NK4D (16). p27 is a negative regulator 
implicated in Gl phase arrest by TGFJS, cell-cell contact, 
agents that elevate cyclic AMP, and the growth inhibitory 
drug rapamycin (17-21) . p27 associates with multiple Gl 
cyclin-dependent kinases in non-proliferating cells, 

2 0 abrogating their activity (4, 8-10) . 

To assess its role as a potential tumor suppressor, the 
p27 Kipl gene was mapped to 12pl2-12pl3 . 1 and no tumor-specific 
genomic mutations in a large group of primary human cancers 

25 were observed (22-24) . More recently, it has been reported 
that proteasome-mediated degradation of p27 occurs during the 
cell cycle and that this degradation is increased in a subset 
of breast and colon carcinomas of poor prognosis (25-28) . The 
present study was undertaken in order to assess, for potential 

30 alterations of p27 expression in BPH and in a well 
characterized cohort of patients with primary and metastatic 
prostatic cancer. 

74 prostate carcinomas from primary and metastatic sites, 
35 representing different hormone sensitivities were analyzed. 
Normal prostatic tissues and cases of benign prostatic 
hyperplasia were also studied. In order to evaluate 
prostatic tissue of p27 null mice, eight 7 month old and six 
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g rea ter than 12 month old littermate pairs of wild-type and 
p2 7 knockout animals were used. Levels of expression and 
microanatomical localization of p27 protein and RNA 
transcripts were determined by immunohistochemistry and in 

5 situ hybridization with specific antibodies and probes, 

respectively. Comparative analyses between 

immunohistochemistry, immunoblotting and immunodepletion 
assays were also conducted in a subset of cases. 
Association between alterations in p27 expression and 

10 clinicopathological variables were evaluated using the 
two- tailed Fisher's exact test. Disease relapse-free 
survivals were evaluated using the Kaplan-Meier method and 
the Logrank test. Distinct anomalies in the expression of p27 
in benign and malignant human prostate tissues are reported. 

15 The normal human prostate shows abundant amounts of p27 and 
high levels of p27 messenger in both epithelial and stroma 
cells. However, p27 protein and transcripts are almost 
undetectable in epithelial and stroma cells of BPH lesions. 
It is also reported that p27-null mice develop hypercellular 

20 prostatic glands which histologically resemble human BPH. 
Based on these findings we postulate that the loss of p27 
expression in human prostate may be causally linked to BPH. 
Prostatic carcinomas can be categorized into two groups: 
those that contain detectable p2 7 protein and those that do 

25 not. In contrast to BPH, however, both groups of prostatic 
carcinomas contain abundant p27 transcripts. Moreover, 
primary prostatic carcinomas displaying the p27 -negative 
phenotype appear to be biologically more aggressive, based 
on their association with time to prostate specific antigen 

3 0 (PSA) failure following radical prostatectomy. These results 
support the postulate that BPH is not a premalignant lesion 
in the pathway of prostate cancer development. Data also 
suggest that prostatic carcinoma develops along two different 
pathways, one involving the loss of p27 and the other using 
3 5 other processes that circumvent the growth suppressive 
effects of p27. 
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^immarv of the Invention 

This invention provides a method for determining the 
aggressiveness of a prostate carcinoma comprising: (a) 
obtaining a sample of the prostate carcinoma; and (b) 
5 detecting the presence of p2 7 protein in the prostate 
carcinoma, the absence of p27 indicating that the prostate 
carcinoma is aggressive. 

This invention also provides a method for diagnosing a beign 
10 prostate hyperplasia comprising: (a) obtaining an appropriate 
sample of the hyperplasia; and (b) detecting the presence of 
the p27 RNA, a decrease of the p27 RNA indicating that the 
hyperplasia is beign. In an embodiment, the above method 
further detects the protein expression of p2 7 wherein this 
15 additional step may be performed before or after the 
detection of the presence of the p27 RNA. 

This invention provides a method for predicting the life-span 
of patient with prostate carcinoma comprising: (a) obtaining 

2 0 a sample of the prostate carcinoma; and (b) detecting the 

presence of p27 protein in the prostate carcinoma, the 
presence of the p27 protein indicating that the patient can 
live longer than the patient who are undetectable p27 
protein. 

25 

This invention also provides a method for increasing the 
life-span of patient with prostate carcinoma comprising 
inducing the expression of p27 protein in the prostate 
carcinoma . 

30 

This invention provides a method for prolong life-span of 
patient with prostate carcinoma which comprises introducing 
a nucleic acid molecule having sequence encoding a p27 
protein into the carcinoma cell under conditions permitting 

3 5 expression of said gene so as to prolong the life-span of the 

patient with said prostate carcinoma. In an embodiment, the 
nucleic acid molecule comprises a vector. The vector 
includes, but is not limited to, an adenovirus vector, adeno- 
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associated virus vector, Epstein-Barr virus vector, Herpes 
virus vector, attenuated HIV virus, . retrovirus vector and 
vaccinia virus vector. 

5 This invention provides a method for prolong life-span of 
patient with prostate carcinoma which comprises introducing 
an effective amount of p27 protein into the carcinoma cell 
so as to thereby prolong the life-span of the patient with 
said prostate carcinoma. 

10 

This invention provides a method for prolong life-span of 
patient with prostate carcinoma which comprises introducing 
an effective amount of a substance capable of stabilizing the 
p27 protein into the carcinoma cell so as to thereby prolong 
15 the life-span of the patient with said prostate carcinoma. 

This invention provides a composition for prolong life-span 
of patient with prostate carcinoma which comprises an 
effective amount of a nucleic acid molecule having sequence 
2 0 encoding a p2 7 protein and a suitable carrier. 

This invention provides a composition for prolong life-span 
of patient with prostate carcinoma which comprises an 
effective amount of the p27 protein and a suitable carrier. 

25 

This invention provides a composition for prolong life-span 
of patient with prostate carcinoma which comprises an 
effective amount a substance capable of stabilizing the p27 
protein and a suitable carrier. 

30 

This invention provides a method of treating prostate cancer 
in a subject comprising administering to the subject a 
therapuetically effective amount of anti-Her-2/neu antibody 
to the subject. 

35 

This invention also provides a method of diagnosing prostate 
cancer in a subject which comprises: a) measuring the amount 
of Her-2/neu expressed by a prostate sample from the subject; 
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and b) comparing the amount of Her-2/neu expressed in step 
(a) with the amount of Her-2/neu expressed by a normal 
prostate, wherein a higher amount of Her-2/neu expressed in 
step (a) indicates prostate cancer. 

5 

This invention further provides a method of diagnosing 
prostate cancer in a subject which comprises: a) measuring 
the amount of Her-2/neu expressed by a prostate sample from 
the subject; and b) comparing the amount of Her-2/neu 
10 expressed in step (a) with the amount of Her- 2 /neu expressed 
by known cancer cell lines, wherein a higher amount of Her- 
2/neu expressed in step (a) than in the known cancer cell 
lines indicates prostate cancer. 

15 Br-ief Description of the Figures 

Figures for the First Series of Experiments 
Figure 1. 

Histological analysis, immunohistochemistry, and in situ 

hybridisation of human primary and metastatic prostatic 

2 0 carcinomas. 

(A-C) Photomicrographs of primary prostatic carcinomas 
processed as follows: (A) Immunohistochemical staining 
against p27 of a prostatic intra-epithelial neoplastic (PIN) 
lesion; note the intense positive immunoreactivities observed 
25 in the nuclei of the tumor cells growing into the lumen. (B) 
Immunohistochemical staining against p27 of another PIN 
lesion showing dysplastic changes; note the intense positive 
immunostaining in the nuclei of normal epithelial cell and 
the low-to-undetectable staining of the tumor cells 

3 0 dissecting the gland and growing into the lumen. ') 

Undetectable levels of p27 protein in an invasive prir*. ;y 
prostatic carcinoma; note the staining of a normal gland 
trapped into the tumor. 

(D-F) Photomicrographs of metastatic prostatic carcinomas 
35 processed as follows: (D) Immunohistochemical staining 
against p27 of a metastatic prostate carcinoma to lymph node; 
note the intense nuclear staining of both tumor cells and 
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lymphocytes (cells in the germinal center display low p27 
levels). (E) Immunohistochemical staining against p27 of 
another metastatic prostate carcinoma to lymph node; note the 
intense positive immunostaining in the nuclei of lymphocytes 
5 and the undetectable levels of p27 staining on the tumor 
cells. (F) Immunohistochemical staining against p27 of a 
metastatic prostate carcinoma to bone; note the positive 
immunoreactivities in the nuclei of osteoblasts and the lack 
of staining of tumor cells. 
10 (F and G) Photomicrographs of a primary invasive prostatic 
carcinoma processed as follows; (F) Low-to undetectable 
immunohistochemical staining against p27 in the tumor cells ; 
note the staining of a normal gland trapped into the tumor. 
(G) In situ hybridization on a consecutive section from the 

15 case illustrated in panel (F) showing high mRNA levels of 

p27 Kipl even in p27-negative tumor cells utilizing the 

anti- sense probe to p2 7 Kipl . Original magnification (A) 
trough (F) 400x. 

20 Figure 2 » 

In certain prostatic carcinomas p27 protein is a functional 
cyclin-dependent kinase inhibitor. (A) Immunohistochemical 
staining correlates with the presence of p27 by 
immunoblotting. Tumors #1 and #2 were negative and tumor #3 

25 positive for p27 protein expression, paralleling their IHC 
patterns. (B) Immunodepletion of p2 7 extracts. Extracts 
obtained from tumors #2 and #3 were subjected to sequential 
depletion with antibodies specific to p27 or a non-specific 
rabbit anti-mouse (RaM) . Following depletion, the proteins 

3 0 in the supernatant s were resolved and the presence of p27 
determined by immunoblotting. (C) Depletion of p27 depletes 
heat stable cyclin-dependent kinase inhibitory activity. The 
supernatant shown in panel B was boiled and following 
clarification the soluble fraction was incubated with 

35 different amounts of recombinant cyclin E/CDK2 kinase and the 
degree of inhibition of cylin E/CDK2 activity on histone HI 
substrate was measured. The amount of each kinase used is 
shown in the panel and the bars are representative activities 
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on an arbitrary scale. Depletion with either RaM or p27 
specific antibodies did not affect the inhibitory activity 
of the p27 negative tumor; however, depletion of p27 from the 
positive tumor extract completely ablated the heat stable 
5 inhibitor activity. 



Figure 3 . 

Recurrence -free proportion analysis of patients with primary 
10 prostate carcinoma (n=42) as assessed by time to detectable 
PSA. Patients who had PSA relapse were classified as 
failures, and patients with PSA relapse, or those who were 
still alive or died from other disease or lost to follow-up 
during the study period, were coded as censored. Time to 
15 relapse was defined as the time from date of surgery to the 
endpoint (relapse or censoring) . Disease relapse^free 
survivals were evaluated using the Kaplan-Meier method and 
the Logrank test. A trend was observed between a p27 negative 
phenotype and early relapse (p=0.08). 

20 

Figure 4 . 

Histological analysis, immunohistochemistry , and in situ 

hybridization of human normal prostate and benign prostatic 
hyperplasia. 

25 (A-C) Photomicrographs of consecutive sections of normal 
prostate tissue processed as follows: (A) 
Immunohistochemical staining against p27; intense positive 
immunoreactivities are observed in the nuclei of epithelial 
cells in the luminal side of the acinus, with decreased 

30 reactivities in the nuclei of basal and stroma cells. (B) 
In situ hybridisation showing high mRNA levels of p27 Kipl in 

both epithelial and stroma cells utilizing the anti-sense 
probe. (C ) In situ hybridization utilizing the sense probe 

to p27 Kipl showing lack of signals in both epithelial and 
35 stroma cells. 

(D-F) Photomicrographs of consecutive tissue sections of a, 
benign prostatic hyperplastic nodule processed as follows: 
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(D) Immunohistochemical staining against p27; note the lack 
or almost undetectable levels of immunoreactivity observed 
in the nuclei of both epithelial and stroma cells in the 
luminal side of the acinus, with decreased reactivities in 
5 the nuclei of basal and stroma cells. (E) In situ 
hybridization showing low-to-undetectable p27 Klpl transcripts 
also in both epithelial and stroma cells utilizing the 
ant i -sense probe; note the strong signal of the cellular 
inflammatory infiltrates that serve as an internal positive 
10 control. (F) In situ hybridization utilizing the sense probe 
to p27 Kipl showing lack of signals in epithelial and stroma 
cells, as well as cellular inflammatory elements. Original 
magnifications: (A), (B) and (C ) lOOOx; (D) , (E) and '(F) 
400x. 

15 

Fi gure 5 . 

Histopathological analysis of the prostatic tissues of 12 
month old p27+/+ (A) and p27-/- (B-D) mice. Photomicrographs 
of tissue sections of normal prostate samples processed as 

20 follows: (A) Hematoxylin and eosin staining of a prostate 
gland of a p27+/+ mouse showing well defined acini of 
epithelial cells surrounded by a stroma containing few 
fibroblasts and poor in supportive connective tissue 
components. (B) Hematoxylin and eosin staining of a prostate 

25 gland of a p27-/- mouse showing multiple and complex glands 
and hypercellular acini of epithelial cells surrounded by 
f ibromuscular stroma cells in a connective tissue displaying 
abundant supportive components. (C and D) Hematoxylin and 
eosin stainings of a prostate gland of a p27-/- mouse, high 

30 power details, illustrating the complexity of the glands and 
abundant f ibromuscular stroma elements (C) , as well as the 
hypercellularity of the acini (D) . Original magnifications: 
(A) and (B) 200x; (C) and (D) 400x. 

35 Figures for the Second Series of Experiments 

Fi gure 6 . Photomicrographs of selected primary prostate 
carcinoma cases analyzed by immunohistochemistry utilizing 



% % 



WO 00/77258 PCT/US00/16007 

-10- 

mouse monoclonal antibodies PAB1801 (anti-p53, A) , 2A10 
(anti-mdm2, B) , Ab-1 (anti-p21, C) , and MI B I (anti-Ki67 , D) . 
A, p53 nuclear overexpression in tumor cells. Note the 
positive nuclear staining of tumor cells at a perineural 
5 invasion site (arrow). B, mdm2 nuclear overexpression in 
tumor cells. C,p21 nuclear overexpression in tumor cells. D, 
high Ki67 proliferative index. Note the intense Ki67 nuclear 
staining of tumor cells at a perineural invasion site 
(arrow) . 

10 

F-ic pire 7 . Progression- free and survival curves for patients 
with primary prostate cancer. The Kaplan-Meier method was 
used to estimate overall disease free survival. The log-rank 
analysis was used to compare the different curves. A, 
15 progression was significantly reduced in patients with tumors 
displaying a p53-postive phenotype (P<0.01). B, progression 
was not related to mdm2 status. C, progression was 
significantly reduced in patients with tumors displaying a 
p21 positive phenotype (P=0.0165). 

20 

Figure 8, Diagrammatic representation of the p53 -pathway 
(A) , and alterations that may develop during tumor 
progression in prostate cancer (B) . (A) p53 regulates the 
expression of several genes involved in cell cycle arrest 

25 (ie, p21) and apoptosis (ie, bax) . p21 binds to 

heterodimeric protein kinases formed by cyclins and 
eye 1 in- dependent kinases (Cdk's), blocking phosphorylation 
of pRB/E2Fl complexes and abrogating S-phase entry. p53 also 
produces an autoregulatory feed back loop by transactivating 

30 mdm2 . (B) Overexpression of mdm2 has been observed to occur 
in several tumor types, and it is considered an oncogenic 
event. Upon binding to mdm2 , p53 products are 

trasncriptionally inactivated and triggered for degradation. 
This will release the Gl arrest imposed, in part, by p21 and 

35 abolish the apoptotic signals of the pathway. Thus, 
inactivation of p53 will favor proliferative activity, 
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immortality, and development/accumulation of further DNA 
damage or mutations. The increased p21 expression observed 
in our study could be produced via growth factor signaling, 
which would also impact on cyclin Dl expression. The 
5 increment of p21 does not appear to be able to control the 
proliferative activity of tumor cells, as attested by the 
association of p21 positive phenotype and high Ki67 
proliferative index. Taken together, mdm2 overexpression 
will inactivate the p53 -pathway, while increased mitogenic 
10 activity will offset the RB-pathway. The mechanistic basis 
for this dual requirement stems, in part, from the 
deactivation of a p53 -dependent cell suicide program that 
would normally be brought about as a response to uncheked 
cellular proliferation resulting from RB-def iciency . 

15 

Figures for the Third Series of Experiments 

Figure 9A., Figure 9B. , Figure 9C, Figure 9D., Figure 9E., 
and Figure 9F. 

2 0 Figures for the Fourth Series of Experiments 

Figure 10A-B. Immunohistochemistry and in situ hybridization 
of human benign prostatic hyperplasia (BPH) . Consecutive 
sections of benign hyperplastic prostate tissue were 
processed as follows: A) Immunohistochemical staining of 

25 pl6 is shown. Protein expression levels are undetectable in 
both epithelial and stromal components. B) In situ 
hybridization shows undetectable mRNA levels of pl6 in both 
epithelial and stromal components when the antisense probe 
is used. 

30 

Figure 11A-D. Immunohistochemistry and in situ hybridization 
of human primary prostatic carcinomas. Consecutive sections 
of primary human prostate cancer tissue were processed as 
follows: A) Immunohistochemical staining of pl6 is shown. 
35 Lack of immunoreact ion noted in the nuclei and cytoplasm of 
both epithelial and stromal components. B) In situ 
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hybridization reveals undetectable mRNA levels of pl6 in both 
epithelial and stromal components when the antisense probe 
is used. (C-D) Histologic analysis, immunohistochemistry, 
and in situ hybridization of human primary prostatic 
5 carcinoma showing pi 6 overexpression. Consecutive sections 
of primary human prostate cancer tissue were processed as 
follows: C) Immunohistochemical staining of pl6 is shown. 
Note strong brown immunoreaction observed in the nuclei of 
cells. Faint cytoplasmic staining is noted as well. D) 
10 In situ hybridization shows high mRNA levels of pl6 in 
epithelial cells when the antisense probe is used. A normal 
gland (see pointer) serves as an internal negative control 
in both the immunohistochemical analysis in Figure 11C and 
also the in situ hybridization analysis in Figure 11D. 

15 

Fi gure 12 . Kaplan-Meier curves, using the log rank test, 

stratified by pl6 groups (group A or group B) of patients 
with primary prostate carcinoma (n=88) as assessed by time 

20 to detectable PSA level post prostatectomy. Time to relapse 
was defined as the time from the date of surgery to the time 
of PSA elevation after surgery. The median time to relapse 
for group A has not been reached. The median time to relapse 
for group B was 46.25 months. Patients who had PSA relapse 

25 were classified as having treatment failures and tumor 
recurrence . 

Figure for the Fifth Series of Experiments 

Figure 13 . Immunohistochemical staining of control cell 

30 lines and primary prostatic carcinomas with anti -HER-2/neu 
monoclonal antibody using the DAKO kit. 

A) Intense and homogeneous membrane staining in HER-2/neu 
overexpressing control cells (+3 category) . 

B) Representative field of low to intermediate intensity 
35 staining in <10% of control cells ( + 1 category) . 

C) Representative area of HER-2/neu non- expressing control 
cells, showing negative immunohistochemical staining profile. 
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D) Primary tumor displaying a strong membrane staining in 
tumor cells (+2 category) . Note the lack of 
immunoreactivities observed in the stroma elements. 

E) Primary tumor showing low expression levels of HER- 
5 2/neu; however, still membrane staining can be visualized (-s-1 

category) , 

F) Primary tumor with undetectable levels of HER- 2/neu, 
representative of the negative phenotype cases. Original 
magnifications: A, B, C, and D and F, x4 00; E , x200. 

10 

Detailed Description of the Invention 

This invention provides a method for determining the 
aggressiveness of a prostate carcinoma comprising: (a) 
obtaining a sample of the prostate carcinoma; and (b) 
15 detecting the presence of p27 protein in the prostate 
carcinoma, the absence of p27 indicating that the prostate 
carcinoma is aggressive. 

This invention also provides a method for diagnosing a beign 
20 prostate hyperplasia comprising: (a) obtaining an appropriate 
sample of the hyperplasia; and (b) detecting the presence of 
the p27 RNA, a decrease of the p27 RNA indicating that the 
hyperplasia is beign. In an embodiment, the above method 
further detects the protein expression of p2 7 wherein this 
25 additional step may be performed before or after the 
detection of the presence of the p27 RNA. 

This invention provides a method for predicting the life-span 
of patient with prostate carcinoma comprising: (a) obtaining 
30 a sample of the prostate carcinoma; and (b) detecting the 
presence of p27 protein in the prostate carcinoma, the 
presence of the p27 protein indicating that the patient can 
live longer than the patient who are undetectable p27 
protein. 

35 

This invention also provides a method for increasing the 
life-span of patient with prostate carcinoma comprising 
inducing the expression of p27 protein in the prostate 
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carcinoma. 



This invention provides a method for prolong life-span of 
patient with prostate carcinoma which comprises introducing 
5 a nucleic acid molecule having sequence encoding a p27 
protein into the carcinoma cell under conditions permitting 
expression of said gene so as to prolong the life-span of the 
patient with said prostate carcinoma. In an embodiment, the 
nucleic acid molecule comprises a vector. The vector 
10 includes, but is not limited to, an adenovirus vector, adeno- 
associated virus vector, Epstein-Barr virus vector, Herpes 
virus vector, attenuated HIV virus, retrovirus vector and 
vaccinia virus vector. 

15 Methods to introduce a nucleic acid molecule into cells have 
been well known in the art. Naked nucleic acid molecule may 
be introduced into the cell by direct transformation. 
Alternatively, the nucleic acid molecule may be embedded in 
liposomes. Accordingly, this invention provides the above 

2 0 methods wherein the nucleic acid is introduced into the cells 

by naked DNA technology, adenovirus vector, adeno-associated 
virus vector, Epstein-Barr virus vector, Herpes virus vector, 
attenuated HIV vector, retroviral vectors, vaccinia virus 
vector, liposomes, antibody- coated liposomes, mechanical or 
25 electrical means. The above recited methods are merely 
served as examples for feasible means of introduction of the 
nucleic acid into cells. Other methods known may be also be 
used in this invention. 

3 0 This invention provides a method for prolong life-span of 

patient with prostate carcinoma which comprises introducing 
an effective amount of p2 7 protein into the carcinoma cell 
so as to thereby prolong the life-span of the patient with 
said prostate carcinoma . 

35 

This invention provides a method for prolong life-span of 
patient with prostate carcinoma which comprises introducing 
an effective amount of a substance capable of stabilizing the 
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p2 7 protein into the carcinoma cell so as to thereby prolong 
the life-span of the patient with said prostate carcinoma. 
Such substance may be either inhibiting the protease which 
degrade the p27 protein or it may interact with p27 in such 
5 a way that the protein will be resistant to degradation. By 
administering such substance into the cell, the effective 
amount of p2 7 protein will be increased. 

This invention provides a composition for prolong life-span 
10 of patient with prostate carcinoma which comprises an 
effective amount of a nucleic acid molecule having sequence 
encoding a p2 7 protein and a suitable carrier. 

As used herein, the term "suitable carrier" encompasses any 
15 of the standard carriers. The composition may be constituted 
into any form suitable for the mode of administration 
selected. Compositions suitable for oral administration 
include solid forms, such as pills, capsules, granules, 
tablets, and powders, and liquid forms, such as solutions, 
20 syrups, elixirs, and suspensions. Forms useful for 
parenteral administration include sterile solutions, 
emulsions, and suspensions. 

This invention provides a composition for prolong life-span 
25 of patient with prostate carcinoma which comprises an 
effective amount of the p27 protein and a suitable carrier. 

This invention provides a composition for prolong life-span 
of patient with prostate carcinoma which comprises an 
30 effective amount a substance capable of stabilizing the p27 
protein and a suitable carrier. 

This invention provides a method for determining the rate of 
proliferation of a prostate cancer comprising; (a) obtaining 
35 a sample of the prostate cancer; and (b) detecting the 
presence of p21 protein in the prostate cancer, the presence 
of p21 indicating that the prostate cancer will have a high 
proliferation rate. 
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This invention also provides a method for determining the 
rate of proliferation of a prostate cancer 
comprising: (a) obtaining a sample of the prostate cancer; and 
(b) detecting the mdm2 expression in the prostate cancer, the 
5 overexpression of mdm2 indicating that the prostate cancer 
will have high proliferation rate. 

This invention provides a method for determining whether a 
prostate cancer would be metastatic comprising: (a) obtaining 
10 a sample of the prostate cancer; and(b) detecting the level 
of cyclin Dl expression in the prostate cancer, the 
overexpression of cyclin Dl indicating that the prostate 
cancer will be metastatic. In an embodiment, the prostate 
cancer is metastatic to bone. 

15 

This invention provides a method for determining the tumor 
recurrence in prostate cancer comprising: (a) obtaining a 
sample of the prostate cancex; and (b) detecting the 
expression of the cyclin -dependent kinase inhibitor pl6 in 
20 the prostate cancer, the overexpression of pis indicating 
that the prostate cancer will have high tumor recurrence. 

This invention provides a method of treating prostate cancer 
in a subject comprising administering to the subject a 

25 therapuetically effective amount of anti-Her-2/neu antibody 
to the subject. In an embodiment of the method, the prostate 
cancer is androgen- dependent . In another embodiment, the 
method of treating prostate cancer in a subject further 
comprises administering to the subject ■ an antitumor 

30 chemotherapeutic agent. In a still further embodiment of the 
method, the antitumor chemotherapeutic agent is selected from 
the group consisting of paclitaxel, doxorubicin, cis-platin, 
cyclophosphamide, etoposide , vinorelbine , vinblastin, 
tamoxifen, colchinin, and 2 -methoxyestradiol . In an 

3 5 embodiment of the method, the prostate cancer is androgen- 
dependent. In another embodiment of the method, the prostate 
cancer is androgen- independent . 
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This invention also provides a method of diagnosing prostate 
cancer in a subject which comprises; a) measuring the amount 
of Her-2/neu expressed by a prostate sample from the subject; 
and b) comparing the amount of Her- 2/neu expressed in step 
5 (a) with the amount of Her-2/neu expressed by a normal 
prostate, wherein a higher amount of Her-2/neu expressed in 
step (a) indicates prostate cancer. Standard amounts of Her- 
2/neu expressed by a normal prostate (or cell lines) to which 
to compare the amount of Her- 2/neu expressed by a prostate 
10 sample are available to one of skill. 

This invention further provides a method of diagnosing 
prostate cancer in a subject which comprises : a) measuring 
the amount of Her-2/neu expressed by a prostate sample from 

15 the subject; and b) comparing the amount of Her-2/neu 
expressed in step (a) with the amount of Her-2/neu expressed 
by known cancer cell lines, wherein a higher amount of Her- 
2/neu expressed in step (a) than in the known cancer cell 
lines indicates prostate cancer. Standard amounts of Her- 

2 0 2/neu expressed by cancer cell lines to which to compare the 
amount of Her- 2/neu expressed by a prostate sample are 
available to one of skill. 

This invention will be better understood from the 
25 Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods and 
results discussed are merely illustrative of the invention 
as described more fully in the claims which follow 
thereafter. 



EXPERIMENTAL DETAILS 

Experimental Details for First Series of Experiments 
MATERIALS AND METHODS 

Patient Characteristics and Tissues. A cohort of 74 patients 

3 5 with prostatic carcinoma were evaluated . Tissues were 
obtained from the Department of Pathology, Memorial 
Sloan-Kettering Cancer Center, New York. Samples were 
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formal in- fixed, paraffin-embedded tissue specimens. 
Fourty- two ■ primary prostate adenocarcinoma specimens were 
evaluated, as well as 9 metastases to lymph node and 23 
metastases to bone. Normal prostatic tissue and/or areas of 
5 benign prostatic hyperplasia adjacent to tumor were observed 
in the majority of the primary cases studied. These tissues 
were also analyzed as part of the study. In addition/ 10 
pairs of frozen normal and tumor prostate tissues were 
utilized for antibody titration, as well as comparative 

10 analyses between immunohistochemistry , immunoblotting and 
immunodepletion assays (see below) . Representative 
hematoxylin-eosin stained sections were examined to evaluate 
the histopathological characteristics of the lesions to be 
analyzed, including the ratio of normal -to -tumor content for 

15 microdissection techniques. 

In order to evaluate prostatic tissue of p27 null mice, eight 
7 month old and six greater than 12 month old littermate 
pairs of wild- type and p27 knockout animals were used. 

20 Tissues were dissected, weighted and processed for histology 
by formalin fixation and paraffin embedding. Tissue sections 
were cutted and stained with hematoxylin-eosin for histologic 
analysis. All sections were utilized to count the number of 
acini per gland, a process that was conducted utilizing 

25 magnifications of 200x. 

Antibodies and Immunohistochemistry. The following well 
characterized antibodies and corresponding final working 
dilutions were used for the present study: monoclonal 

3 0 antibody p27/Kipl (Ab-2, Oncogene Science, Boston, MA - 0 . 1 
ug/ml final concentration) and anti-p27 affinity purified 
rabbit antiserum (1:500 dilution) . A non-immune rabbit serum 
and mouse monoclonal antibody MIgS-KpI were used as negative 
controls at similar working dilutions. Deparaf f inized 

35 sections were treated with 3% H 2 0 2 in order to block 
endogenous peroxidase activity. Sections were subsequently 
immersed in boiling 0.01% citric acid (pH 6.0) in a microwave 
oven for 15 minutes to enhance antigen retrieval, allowed to 
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cool, and incubated with 10% normal horse or normal goat sera 
to block non-specific tissue immunoreactivities. Primary 
antibodies were then incubated overnight at 4°C. 

Biotinylated horse ant i -mouse IgG antibodies (Vector 
5 Laboratories, Burlingame, CA - 1:500 dilution) or goat 
anti-rabbit antibodies (Vector Laboratories - 1:800 dilution) 
were applied for Ihour, followed by avidin-biotin peroxidase 
complexes for 30 minutes (Vector Laboratories - 1:25 
dilution) . Diaminobenzidine was used as the final chromogen 

10 and hematoxylin was used as the nuclear counterstain. Nuclear 
immunoreactivities were classified as a continuum data 
(undetectable levels or 0% to homogeneous staining or 100%). 
Tumors were grouped into two categories defined as follows: 
negative (0% or undetectable staining to <20% nuclear 

15 immunoreactivity in tumor cells) , and positive (neoplasms 
with i>20% tumor cells with nuclear staining) (see statistical 
section) . 

Probes and In Situ Hybridization. Digoxigenin- labeled probes 
2 0 were used for in situ hybridization and 1 ug of recombinant 
plasmid pCR™II (Invitrogen, San Diego/ CA) , containing the 
full length human p27 gene (gift of Dr. M. Pagano, New York 
University School of Medicine, NY) was linearized by BamHI 
and Xbal to generate antisense and sense transcripts. 

2 5 Riboprobes were generated with T7 and SP6 polymerase for 2 

hours at 37°C in IX transcription buffer (Boehringer 
Mannheim, Indianapolis, IN), 20 U of RNAse inhibitor, 1 
mmol/L each of ATP, GTP, CTP, 6.5 mmol/L UTP and 3.3 5 mmol/L 
digoxigenin-UTP. Deparaf f inized tissue sections were rinsed 

3 0 in water and PBS for 10 minutes. The slides were digested 

with Proteinase K (50ug/ml) for 18 minutes at 37°G in PBS, 
and post -fixed at 4 °C in a freshly prepared solution of 4% 
paraformaldehyde in PBS for 5 minutes. Prehybridization was 
done for 30 minutes at 45 °C in 50% formamide and 2XSSC. The 
35 hybridization buffer consisted of 50% deionized formamide 
(v/v) , 10% dextran sulphate (50% stock solution) , 2XSSC (20X 
stock solution), 1% SDS (10% stock solution), and 0.25 mg/ml 
of herring sperm DNA (10 mg/ml) . Hybridization was peformed 
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overnight at 45 °C applying 10 pmol/L digoxigenin-labeled 
riboprobe in 50 ul of hybridization buffer per section under 
a coverslip. The coverslips were removed and the slides were 
washed in pre-warmed 2XSSC for 20 minutes at 60 °C twice, 
5 followed by washes in pre-warmed 0.SXSSC and 0.01XSSC at 60 
°C for 20 minutes, respectively. After these washes the 
slides were incubated" in normal sheep serum diluted in buffer 
pH 7.5 and successively in the same buffer with antibody 
anti-digoxigenin-AP (Boehringer Mannheim, Indianapolis, IN) 
10 at dilution of 1:1500 for 1 hour at room temperature. The 
visualization was accomplished by nitro-blue tetrazolium 
5-bromo-4-chloro-3-indoylphosphate. The slides were 

counterstained with methyl green and mounted. 

15 Immunoblotting and Immunodepletion Assays. Proteins were 
extracted from three OCT-embedded prostatic carcinomas and 
resolved on polyacryl amide gels for immunoblotting with 
p27-specific antibodies. Extracts obtained from p27 positive 
and negative tumors were subjected to sequential depletion 

20 with antibodies specific to p27 or a non-specific rabbit 
anti-mouse (RaM) . Following depletion, the proteins in the 
supematants were resolved and the presence of p27 determined 
by immunoblotting. Aliquots of these supematants were 
briefly boiled and following clarification the soluble 

2 5 fraction was incubated with different amounts of recombinant 
cyclin E/CDK2 kinase and the degree of inhibition of cylin 
E/CDK2 activity on histone HI substrate was measured. 

Statistical Methods. The statistical analyses were conducted 
30 as follows. For alterations of the p27, we divided patients 
into two groups: p27 negative (0% or no immunohistochemical 
staining to <20% tumor cells displaying nuclear reactivities) 
or p27 positive (>20% tumor cells with nuclear immunostaining 
with IHC) . The data analyses were conducted to explore the 
35 relationship between p27 alterations and clinicopathological 
variables such as presentation (primary, lymph node 
metastases, and bone metastases) , clinical stage (B, C, D) , 
total Gleason score (6 or less versus 7 or more), and 
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hormonal status (naive versus androgen- independent ) in a 
total 74 patients. For 42 patients with primary prostate 
cancer who underwent radical prostatectomy, further analysis 
was conducted to evaluate the relationship between p27 
5 alterations and clinical variables, including those described 
above and PSA relapse (yes and no). Two-tail Fisher's exact 
test was utilized to assess these associations and two tailed 
p-values were employed as a significant level (29). The FREQ 
procedure in SAS was used in this study (30) . In the 

10 analysis of disease relapse-free survival, patients who had 
PSA relapse were classified as lost failures, and patients 
with PSA relapse, or those who were still alive or died from 
other disease or to follow-up during the study period, were 
coded as censored. Disease relapse- free survivals were 

15 evaluated using the Kaplan-Meier method (31) and the Logrank 
test (32) . The LIFETEST procedure in SAS was used (30) . 
Proportional hazards analysis was used to obtain maximum 
likelihood estimates of relative risks and their 95% 
confidence intervals (33,34). 

20 

EXPERIMENTAL RESUL TS AND DISCUSSION 

Experimental Results and Discussion for the First Series of 
Experiments 

To determine whether loss of p2 7 expression was a common 
25 feature in prostate cancer, we analyzed 74 prostate 
carcinomas from primary and metastatic sites, representing 
different hormone sensitivities. Included were 42 

hormone-naive primary tumors, some with associated prostatic 
intraepithelial neoplastic (PIN) lesions, and- 32 metastatic 
30 carcinomas from lymph node tumors (n=9) and bone metastases 
(n=23) . Thirteen of these metastatic lesions were from 
hormone-naive cases, while the remaining 19 metastases were 
obtained after hormonal treatment . PIN lesions displaying 
a cribiform or pseudopapillary pattern expressed high levels 
35 of p27 protein (Figure 1A) and were associated with 
p27-positive invasive prostatic carcinomas. In contrast, 
PIN lesions displaying a flat growth pattern had low to 
undetectable p27 levels (Figure IB) and were associated with 
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p27-negative invasive tumors. Of the invasive primary 
prostatic carcinomas studied, 12 of 42 (28.5%) cases had an 
intense nuclear immunoreactive p27 pattern in the malignant 
cells (data not shown). The remaining 30 (71.5%) primary 
5 neoplasms displayed altered patterns of expression: 12 cases 
had undetectable p27 levels (Figure 1C) , while 18 cases had 
a heterogeneous pattern of expression (data not shown) . In 
metastatic lesions, 7 of 32 (21.9%) showed intense p27 
nuclear immunostaining in most tumor cells (Figure ID) . The 

10 remaining 25 (78.1%) metastatic lesions had either 
heterogeneous (data not shown) or undetectable nuclear 
expression of p27 (Figures IE and IF) . Interestingly, all 
but one of the nine patients with hormone -independent bone 
lesions displayed altered p27 expression. Four of these 9 

15 cases had undetectable p27 protein expression (Figure IF) , 
4 cases had heterogeneous patterns of p27 expression ranging 
from 3 0% to 4 0% tumor cells with weak positive staining, and 
one case displayed 80% positive tumor cells. However, high 
levels of p27 Kipl mRNA, as determined by in situ 

2 0 hybridization to a p2 7 cDNA probe, were found in all tumors 

even when the lesions displayed undetectable levels of p27 
protein (Figures 1G and 1H) . 

In the group of tumors that expressed p27, we next determined 
25 if the p27 protein was inactivated. To accomplish this we 
extracted protein from fresh frozen samples and measured the 
heat stable Cdk inhibitory activity, using cyclin E/CDK2 as 
a substrate, remaining in extracts following depletion with 
p27- specific antibodies as described previously (17) (Figure 

3 0 2) . Depletion of p27 protein was confirmed by 

immunoblotting . As expected, the depletion of extracts 
derived from p2 7 negative tumors did not affect the heat 
stable inhibitory activity, nor did depletion of p27 positive 
tumor extract with a non-specific rabbit -anti -mouse 
3 5 immunoglobulin. However, depletion of extracts derived from 
p27 positive tumors with the p27-specific antibody completely 
removed the inhibitory activity, indicating that p27 was 
functional as a Cdk inhibitor in these samples. 
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Taken together, these data suggest that prostatic carcinomas 
develop along two different pathways, one involving the loss 
of p2 7 and the other using alternative processes that may 
circumvent the growth suppressive effects of p27. In order 
5 to determine if these distinct pathways of prostate 
tumorigenesis correlate with clinical parameters, as reported 
for other tumor types (25-28) , associations between p27 
immunostaining, stage, total Gleason score, and hormonal 
status of the tumor were assessed. No associations between 

10 detectable versus undetectable p27 protein, Gleason score (6 
or less versus 7 or more), or hormonal status (naive versus 
androgen- independent) were observed. To assess disease 
aggressiveness, we evaluated the time to PSA failure, the 
most sensitive indicator of success or failure following 

15 radical prostatectomy, in patients treated for localized 
disease. Only patients who had an undetectable PSA level 
after surgery, an indication that the resection was complete, 
were considered. A trend toward an association was observed 
between a p27 negative phenotype and early relapse (p=0 . 08 ) 

20 (Figure 3) - This difference did not reach statistical 
significance due to the limited sample size of the cohort 
analyzed. Supporting this concept is the fact that in a 
multivariate proportional hazards analysis, after controlling 
for stage and Gleason score, p27 status still was the 

25 strongest factor in predicting PSA relapse (p=0.07). 

These data suggest extending the characterization of p27 
expression to normal prostate and benign prostatic 
hyperplasia. In the normal human prostate, abundant amounts 

30 of p27 protein were detected in the ductal and acinar cells, 
mainly luminal elements, as well as stroma cells using 
immunohistochemistry. Epithelial cells displayed a strong 
nuclear immunostaining signal (Figure 4A) . Likewise, both 
epithelial and stroma cells expressed abundant p27 

35 transcripts (Figures 4B and 4C) , as detected by in situ 
hybridization. Strikingly, in 12 cases of BPH p27 expression 
was low to undetectable in epithelial and stroma cells in the 
hyperplastic nodules. Immunohistochemical staining revealed 
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low to undetectable immunoreactivities in both epithelial and 
f ibromuscular cells in the hyperplastic nodules (Figure 4D) . 
This contrasts with the strong p27 nuclear immunostaining 
phenotype observed in the normal prostate. Likewise, p27 
5 mRNA transcript levels were low to undetectable on 
consecutive sections- of BPH by in situ hybridization (Figure 
4E and 4F) . In some of these BPH tissue samples we found 
areas of basal cell hyperplasia. These cellular elements also 
had low to undetectable amounts of p2 7 protein and 

10 transcripts (data not shown). Nevertheless, in the 
non-hyperplastic regions of these same BPH samples, normal 
ductal and acinar epithelial cells, as well as stroma 
elements, showed high levels of p27 expression. These 
results indicate that in the development of BPH, p27 

15 transcription may be down- regulated. This finding was quite 
unexpected as this gene product is generally regulated at 
post -transcriptional levels (35-37) , although members of the 
nuclear hormone receptor superfamily are suggested to 
regulate p27 Kipl mRNA levels (38) . 

20 

The targeted deletion of the p27 locus in a murine model was 
recently reported (39-41) . p27 deficient mice are viable and 
display organomegaly, increased body size and female 
infertility. These anomalies could not be attributed to a 

2 5 defect of the growth hormone/ IGF- 1 axis, rather, they 

resulted from excess proliferation prior to withdrawal of 
cells into a terminally differentiated state (39) . No 
increased incidence of spontaneous tumors was observed; 
however, many p27-null mice developed a pituitary hyperplasia 

3 0 reminiscent of adenoma in the intermediate lobe. These data 

suggest that p27 deficiency leads to hyperplasia in many 
tissues and organs. The high frequency of benign prostatic 
hyperplasia (BPH) in men and the alterations on p27 
expression in that condition suggested a parallel to p27 
35 deficiency. Previous reports of histopathological analyses 
of p27 null mice did not include the prostate (39-41). We 
next set up to determine the morphologic characteristics of 
the prostate gland in p27 deficient animals. Comparing the 
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total mean prostate weights of 7 month old age-matched p27+/+ 
(n=8) and p27-/- (n=8) mice, the differences were not 
significant [mean +/- SD: 80.6 mg ( + /- 8.6 mg) and 90.1 mg 
( + /- 13.3 mg) , respectively (p=0.1)3. However, the mean 
5 acini counts of the total gland in these groups were 
significantly different [mean +/- SD: 50.4 (+/- 8.5) and 
74.9 (+/- 8.9), respectively (p<0.01)]. A similar 

relationship was observed in the mean total prostate weights 
of the old (greater than 12 months) p27+/+ (n=6) and p27-/- 

10 (n=6) mice [mean +/- SD: 114.0 mg ( + /- 18.5 mg) and 119 . 0 
mg (+/- 26.8 mg) , respectively (p=0.7)] ( and the mean acini 
counts [mean +/- SD: 54.7 (+/- 6.5) and 73.8 (+/- 5.3), 
respectively (p<0.01)]. The significant increase in the 
number of acini in both young and old p27 deficient mice was 

15 associated with histopathological differences that became 
more accentuated in the elderly group. The hyperplastic 
prostate of the older p27-/- mice showed enlarged glands, 
development of hypercellular acini of epithelial cells, and 
an increase in f ibromuscular stroma cells (Figure 5) . These 

20 histological changes are reminiscent of BPH in humans and 
support the hypothesis that the loss of p2 7 expression in 
human prostate may be causally linked to BPH. 

It has been suggested that BPH and malignant prostate growth 
25 share a common pathway because they commonly coexist and 
demonstrate androgen dependency (42-44). However, this 
relationship remains unclear since BPH tends to develop in 
the transition zone, while the majority of carcinomas develop 
in the peripheral zone (45-48) . Results from the present 
30 study reveal that, unlike in the BPH lesions, prostatic 
carcinoma cel-ls regulate p27 expression at the 
post -transcriptional level. Taken together these data 
support the postulate that BPH is not a premalignant lesion 
in prostate cancer development . 



35 



Coordinate inactivation of the pathways involving the p53 and 
RB genes appears to be an essential requirement for the 
genesis of most human cancers. However, both p53 mutations 
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and RB alterations are reported to be late and uncommon 
events in prostate tumor progression (4 9-52) . Contrary to 
these results, data from this study indicate that 
inactivation of p27 is a frequent and early event in some 
5 prostate cancers. It is thus our working hypothesis that p27 
represents another pathway of tumor suppression in certain 
human tumors, prostate cancer being a paradigm in which this 
concept could be further tested. 

10 In summary, data from this study suggest that p27 Kipl gene 
ablation in the mouse causes a pronounced prostatic 
hyperplasia, and that the loss of p27 expression in human 
prostate may be causally linked to BPH. In addition, data 
from this study suggest that prostatic carcinoma develops 

15 along two different pathways, one involving the loss of p27 
and the other using alternative processes that circumvent the 
growth suppressive effects of p27. These phenotypes can be 
identified as early as in the PIN stage. Moreover, primary 
prostatic carcinomas displaying the p27-negative phenotype 

20 appear to be biologically more aggressive, based on their 
association with time to PSA failure following radical 
prostatectomy while controlling for other variables. The 
consistent alteration of p27 expression observed in all 
androgen- independent metastatic lesions suggests an 

25 association with tumor progression, which may be the result 
of the metastatic process itself. Alternatively, it may be 
postulated that p27 positive tumors are more sensitive to 
androgen ablation, the primary treatment of metastatic 
disease. Finally, two dissimilar mechanisms appear to be 

30 involved in the loss of p27 expression in BPH versus a subset 
of prostatic carcinomas. p27 Kipl mRNA levels are extensively 
reduced in BPH, whereas p27 proteins are diminished to 
undetectable levels in some prostatic carcinomas despite 
detectable p27 mRNA as the result of a post- transcriptional 

35 event. These results support the postulate that BPH is not 
a premalignant lesion in the pathway of prostate cancer 
development . 
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SECOND SERIES OF EXPERIMENTS 

To determine the potential role of p53 inactivation in 
prostate cancer, we studied a well characterized cohort of 
5 86 patients treated with radical prostatectomy. We analyzed 
patterns of p53, mdm2 , and p21/WAFl expression by 
immunohistochemistry . Results were then correlated with 
clinicopathological parameters of poor outcome, including 
time to PSA relapse. In addition, data were also correlated 
10 with proliferative index, as assessed by Ki67 antigen 
detection. p53 positive phenotype, defined as identification 
of nuclear immunoreactivity in >20% tumor cells, was observed 
in 6 of 86 cases (7%) . An association was observed between 
p53 positive phenotype and decreased time to PSA relapse 
15 (P<0.01). mdm2 positive phenotype, defined as ^20% tumor 
cells displaying nuclear immunoreactivity, was observed in 
28 of 86 cases (32.5%) . mdm2 positive phenotype was found 
to be associated with advanced stage (P=0.009) . p21 positive 
phenotype, defined as >5% tumor cells with nuclear 
20 immunoreactivity, was observed in 28 of 86 cases (32.5%). 
An association was observed between p21 positive phenotype 
and high Ki67 proliferative index (P=0.002). Patients with 
p21 positive phenotype had a significant association with 
decreased time to PSA relapse (P=0.0165). In addition, a 
25 significant association was found between p21 positive 
phenotype and co-expression of mdm2 (P<0.01). Fourty-three 
of 86 cases (50%) were found to have one or more alterations, 
and patients with any alteration were found to have a higher 
rate of PSA relapse (P<0.01). It is our hypothesis that a 
30 pathway of prostate cancer progression involves p53 
inactivation caused by mdm2 overexpression, and that p21 
transactivation in this setting is due to an alternative 
signaling system rather than through a p53 -dependent 
mechanism. 

35 p53 responds to different forms of cellular stress by 
targeting and activating genes involved in growth arrest and 
cell death. A target of p53 -induce transcription is the 
p21/WAFl gene, which encodes a cycl in- dependent kinase 
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inhibitor (1) . In addition, levels of p53 are tightly 
regulated by mdm2, which binds to p53 repressing its activity 
and triggering its degradation. The MDM2 gene is itself 
under the transcriptional control of p53, creating an 
autoregulatory feedback loop (2) . 



Alterations in the TP53 gene appear to be uncommon in 
prostate cancer, and their clinical significance has not been 
fully investigated. A recognized limitation of most studies 

10 is that they are confined to the analysis of p53 alterations, 
without analyzing other critical components that regulate its 
functions. The MDM2 gene is amplified in a variety of tumors, 
and mdm2 overexpression without amplification appears to be 
a common mechanism of p53 inactivation in certain cancers 

15 (3,4) . Lack of data regarding the functional status of the 
p53 products encountered in the tumors analyzed represents 
another drawback. It has been reported that p2l/WAFl gene 
expression may serve as an indicator of p53 activity, since 
p21/WAFl is under the transcriptional control of p53 . 

20 However, serum or individual growth factors, such as 
epidermal growth factor (EGF) , and fibroblast growth factor 
(FGF) , were shown to induce p21 expression in p53 -deficient 
cells (5,6). Thus, there are at least two separate pathways 
accounting for the induction of p21, one linked to DNA-damage 

25 recognition, and the other produced by signaling mechanisms 
caused by certain cellular mitogens. 

In the present study, we have analyzed the patterns of p53 
expression and those of critical components of its pathway, 
30 namely mdm2 and p21, in 86 patients with prostate cancer. 
The association between these markers and clinicopathological 
parameters of poor outcome, including time to PSA relapse and 
proliferative index, were also examined. 
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TTYPERIMENTAL DETAILS 

Experimental Details for Second Series of Experiments 

5 MATERIALS AND METHODS 

Pat-ients . A total number of 86 patients who underwent 

radical prostatectomy at Memorial Sloan-Kettering Cancer 
Center in the period between 1990 through 1991 were studied . 
Patient selection was based on the availability of both 

10 adequate clinical follow up and representative archival 
pathological materials for immunohistochemical analysis. The 
median age at the time of surgery was 65 years (range 46-74) . 
Their median follow up was 64.5 months (range 10-94 months) . 
Formalin- fixed, paraffin embedded prostate tissues were 

15 obtained from our archival tumor bank. Representative 
hematoxylin-eosin stained sections were examined to evaluate 
the histopathological characteristics of each case. 

Clinicopathological parameters examined include pre-treatment 

2 0 PSA, pathologic stage and Gleason score, both determined 

based on the radical prostatectomy specimen. Time to PSA 
relapse was calculated from the day of surgery to the first 
detectable PSA. PSA relapse was defined as three consecutive 
rise in PSA at least one week apart. Only patients who had 
25 undetectable PSA level after surgery were included in this 
analysis . 

Tumors were staged pT2 (n=51) and pT3 (n=35) . , Twenty-nine 
patients were Gleason score <7, while 18 patients were 

3 0 Gleason ^7. In six cases, due to scarcity of tumor 

representation in the specimen, grade was considered to be 
not interpretable. Thirty-three patients (38.3%) received 
neoadjuvant hormone treatment preoperat ively , and were 
defined as hormone - treated . These patients had non-evaluable 
35 Gleason scores. Patients who did not receive neoadjuvant 
hormone treatment were defined as hormone - naive . 
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Monoclonal Antibodies and Immnnohistochemist^y . The 

following well characterized mouse monoclonal antibodies and 
corresponding final working dilutions were used for the 
present study: anti-p53 monoclonal antibody PAB1801 (Ab-2 
5 clone; CalBiochem/ Oncogene Science, Boston, MA; 1:500 
dilution) ; anti-mdm2 monoclonal antibody 2A10 (a gift from 
Dr. Arnold Levine, Rockefeller University, New York, N.Y.; 
1:500 dilution); and an anti-p21 monoclonal antibody (Ab-1 
clone; CalBiochem/Oncogene Science; 1:20 dilution). An 
10 anti-Ki67 mouse monoclonal antibody (clone MIB1; Immunotech 
SA, France; 1:50 dilution) was used to assess proliferative 
index. MIgS-Kpl, a mouse monoclonal antibody of the same 
subclass as the primary antibodies listed above was used as 
negative control. 

15 

An avidin-biotin immunoperoxidase method was utilized. 
Briefly, sections were subsequently immersed in boiling 0.01% 
citric acid (pH 6.0) for 15 minutes to enhance antigen 
retrieval and incubated with primary antibodies overnight at 

20 4°C. Biotinylated horse anti-mouse IgG antibodies were 
applied for lh (Vector Laboratories, Burlingame, CA; 1:500 
dilution) , followed by avidin-biotin peroxidase complexes for 
30 minutes (Vector Laboratories; 1:25 dilution). 
Diaminobenzidine was used as the final chromogen and 

25 hematoxylin was used as the nuclear counterstain. Nuclear 
immunoreactivity were classified on a continuous scale with 
values that ranged from undetectable levels or 0% to 
homogeneous staining or 100%. 

3 0 Statistical Analysis . The three markers were analyzed both 
as percentage of tumor cells and as discrete variables based 
on a priori cut -points. The cut -point for p53 of >20% was 

based on our previous analysis of p53 alterations in bladder 
cancer that revealed a strong association between p53 point 
35 mutation and p53 nuclear accumulation in >2 0% of tumor cells 
(7,8). For mdm2 f the cut-point was based on what have been 
published correlating mdm2 overexpression in ^20% of tumor 
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cells with worse clinicopathological parameters (9,10) . The 
same principle applied to the Ki67 cut -point determination 
(11,12). For P 2i the cut-point of >5% was based on our 
finding that normal prostate glands lack P 21 expression, and 
5 the observation of P 21 nuclear staining and presence of 
mitotic figures indicating high proliferative activity of the 
tumors 



The association of percentage of tumor cells expressing the 
10 markers with time to PSA relapse, while adjusting for other 
variables with known prognostic significance, was assessed 
using the Cox proportional hazards model (13) . m addition, 
Kaplan-Meier estimation (14) was performed and the log rank 
test (15) employed to assess the univariate relationship 
15 between the individual markers using cut points and time to 
PSA relapse. 

The associations between Gleason group and the three 
biomarkers were assessed using Fisher's exact test (16). 
20 Also, associations between the three markers and variables 
such as Ki67 proliferative index, stage, and hormone status 
were also assessed using the above test. 

EXPERIMENTAL RESPT/rg 

25 

Experimental Results for the Second Series of Experiments 

Table 1 summarizes the data in relation to 
clinicopathological parameters, including pre- treatment PSA 
3 0 tumor stage, Gleason tumor grade, hormone status,' 
proliferative index, and immunophenotype profile. Figure 7 
illustrates the univariate relationships of the three markers 
with time to PSA relapse with Kaplan-Meier curves estimated. 
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Table 1. Summary Of Data In Relation To Immunopbenotype Profile 



P53 p21 
(#) (%) {#) (%) 



mdm-2 

(#) (%> 



<4 

4-10 
>10 

p value 



0/18 
3/28 
3/40 



0 

10 

7.5 

.374 



5/18 
7/28 
16/40 



27 
25 
40 
.382 



3/18 
7/28 
18/40 



16 
25 
45 
060 



Stage 

T<3 

p value 



3/51 
3/35 



5.8 
8.5 
.631 



14/51 
14/35 



27 
40 
.222 



11/51 
17/35 



21 
48 
009 



Gleason Score 

<7 0/29 

=7 2/18 

NE 4/33 
p value 



0 

11 
2 

.157 



7/29 

10/18 

10/33 



24 
22 
3 0 
.074 



7/29 
9/18 
11/33 



24 
50 
33 
190 



Hormone Status 
Naive 2/53 
Treated 4/33 
p value 



3 

12 

. 139 



18/53 
10/33 



33 
30 
.725 



17/53 
11/33 



32 
33 
904 



Proliferation Index Ki67 

Low 5/75 6 

High 1/H 9 

p value .768 



20/75 
8/11 



26 
72 

.002 



22/75 
6/11 



29 
54 

- 096 



p53 nuclear overexpression of >20% was observed in 6 of 86 
cases. The distribution of p53% expression was primarily 
patients expressing less than 5% p53 (n=76) . The other 10 
patients had varying levels of p53% expression, indicating 
5 a very low frequency of p53 alteration in this group of 
patients. There is no correlation between p53 positive 
phenotype and pretreatment PSA, tumor stage, tumor grade, 
hormone status, or high proliferative index. Also, there is 
no association between p53 overexpression and p21 or mdm2 

10 overexpression. A significant association was observed 
between p53 status determined by the cut -point and time to 
PSA relapse. This association is illustrated in Figure 7. 
Using the log rank test to examine the overall differences 
between p53 negative phenotype and p53 positive phenotype 

15 revealed a statistical significant difference P<0.01. This 
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indicates an obvious PSA relapse time advantage for patients 
who do not overexpress p53 . However, the magnitude of this 
difference may not be reliably estimated due to the small 
number of patients and events in the p53 positive phenotype 
5 group. 

mdm2 nuclear overexpress ion of ^20% tumor cells was observed 
in 28 of 86 cases (32.5%). mdm2 positive phenotype was 
associated with advanced stage (P=0.009). In. addition, mdm2 
10 overexpress ion was observed not to be significant with 
respect to a decreased time to PSA relapse (Figure 7) . A 
trend was observed between mdm2 overexpress ion and higher 
pretreatment PSA (P=0.06). 

15 p21 nuclear over expression of >5% tumor cells was observed 
in 28 of 86 patients (32.5%). Patients with p21 positive 
phenotype were observed to have a significant association 
with high Ki67 proliferative index (P=0.002). High Ki67 
porilef erative index was identified in 11 of 86 patients 

20 (12.7%). Patients with p21 positive phenotype had a 
significant association with decreased time to PSA relapse/ 
as illustrated in Figure 7. Also, p21 overexpression was 
associated with mdm2 overexpression (P<0.01). However, no 
association was observed between identification of p21 and/or 

25 mdm2 positive phenotype and p53 overexpression. 

Forty-three of the total 86 patients had one or more altered 
markers. Patients with any alteration (p53 or mdm2 or p21) 
were observed to have a higher rate of PSA relapse (P< 0.01) . 

30 

The multivariate relationship between the markers and time 
to PSA relapse was assessed using Cox proportional hazards 
model. It was of interest to examine the effect of the 
35 markers while adjusting for variables with know prognostic 
significance. Both, p53 and p21 positive phenotypes were 
significant while adjusting for pre- treatment PSA and Gleason 
group (P<0.01 for both markers) . Examination of the 
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overexpression of at least one marker (p53, mdm2 or p2i) with 
respect to time to PSA relapse showed that this variable was 
also significant (P<0.01) while adjusted for pre-treatment 
PSA and Gleason group. Tumor stage (< 3 vs . s3) was not 
5 significant in either the univariate or multivariate 
analyses, and was thus excluded from the model. The model 
that seemed to account for the most information included p53 
and p21, along with pre-treatment PSA. 

10 

EXPERIM ENTAL DISCUSSION 



Ex perimental Discussion for the Second Series of Experiments 

15 Reports dealing with the frequency of TP53 mutations and p53 
overexpression in prostate cancer have yielded conflicting 
results, alterations ranging from 2% to 65% of cases studied 
(17-21) . This discrepancy might be explained by the 

relatively small number of cases and different disease stages 

20 analyzed in some reports, the distinct methodologies 
employed, and the cutoff points used for evaluation of IHC 
results. However, a general finding was the association 
between p53 alterations and clinicopathological parameters 
of poor clinical outcome, such as high grade and late stage 

25 (18,19,221. In this study/ we observed a relatively low 
frequency of p53 nuclear overexpression in patients with 
localized prostate cancer, as previously reported (23,24). 
To determine the potential clinical relevance of identifying 
a p53 positive phenotype, we correlated phenotypic 

3 0 characteristics of the tumors with the time to PSA relapse. 
This is considered the most sensitive indicator of success 
or failure following radical prostatectomy in patients 
treated for localized disease. Analysis of data revealed 
that p53 overexpression was significantly associated with PSA 

35 relapse (P<0.01) and independent of pretreatment PSA and 
Gleason group. However, the magnitude of this difference may 
not be reliably estimated due to the small number of patients 
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and events in the positive phenotype . We also observed that 
all patients who received neoadjuvant hormone treatment prior 
to surgery and had tumors that overexpressed p53 relapsed. 
This finding could be due to the advanced stage at which 
5 patients presented and were selected for treatment using this 
modality. Mechanistically, an altered p53 status in this 
setting could have conferred resistance to castration- induced 
apoptosis, ultimately leading to disease relapse. The 
association between p53 overexpression and hormone refractory 
10 prostate cancer has been reported in locally advanced and 
metastatic disease (25) . However, to our knowledge, this is 
the first report to suggest that this association might be 
an early event in the evolution of hormone refractory disease 
in clinically localized prostate cancer. 



In the present study we also analyzed alterations affecting 
other regulators of the p53 pathway in primary prostate 
cancer, including mdm2 and p21. The MDM2 gene maps to 12ql3 
and is found overexpressed in certain tumors, due to its 

20 amplification as a component of an amplicon that includes 
other relevant genes, such as CDK4 . The MDM2 is under 
transcriptional regulation by p53, and encodes a 90-kDa zinc 
finger protein (mdm2) which contains a p53-binding site (26) . 
It has been shown that mdm2 binds to p53 , and acts as a 

2 5 negative regulator by inhibiting p53 transcriptional activity 
and targeting its degradation, thus creating an 
autoregulatory feedback loop (27) . In this study, nuclear 
mdm2 overexpression was found in 32.5% of cases. We observed 
that mdm2 positive phenotype was significantly associated 

30 with advanced stage. It has been previously reported that 
MDM2 is not amplified on primary prostate cancer, based on 
a study of 2 9 tumors analyzed by Southern blot hybridization 
(28). The discrepancy between the rate of MDM2 gene 
amplification and protein overexpression has been described 

35 in Burkitt's lymphoma and breast cancer (29,30). 
Furthermore, it was observed in soft tissue sarcomas that 
mdm2 overexpression, rather than its amplification, was 
associated with worse clinical outcome (10) . Based on data 
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from this study, we can postulate that mdm2 overexpression 
is a frequent mechanism of p53 inactivation in prostate 
cancer, and in this context the MDM2 gene can be classified 
as an oncogene in this setting. 

5 

The p21/WAFl gene encodes a nuclear protein member of the 
cyclin-dependent kinase inhibitory KIP family involved in 
senescence and cell quiescence (31) . The p21/WAFl gene is 
also transcriptionally regulated by p53 . However, p21 

10 induction could also be accomplished by a p53- independent 
pathway. Serum or individual growth factors, such as EGF and 
FGF, were shown to induce p21 in p53 -deficient cells (32) . 
Based on these data, it has been postulated that p21 
induction could be activated through two separate pathways. 

15 The rate of p21/WAFl mutations in human cancer is very low 
(33). However, there is an association between altered 
patterns of p21 expression and clinical outcome in certain 
tumors, such as bladder, colon, and heptocellular carcinomas 
(34-36). Lack of p21 expression in these studies was 

2 0 correlated with poor clinical outcome, an expected finding 

if one postulates that p21 deficiency reflects p53 
inactivation. As a corollary to this hypothesis, the p21 
negative phenotype observed in the above referred studies was 
usually associated with p53 alterations. However, in our 
25 study we found that p21 positive phenotype was significantly 
associated with high proliferative index and mdm2 
overexpression, but not with p53 status. Moreover, patients 
with p21 positive phenotype had a significant association 
with decreased time to PSA relapse. p21 overexpression has 

3 0 been reported to be associated with worse prognosis in other 

tumor types, including, breast, esophageal carcinoma, and 
squamous cell carcinomas of head and neck (37-39) . Moreover, 
p21 overexpression was found to be associated with resistance 
to chemotherapy in acute myeloid leukemia and glioblastoma 
35 (40,41). 

These data could be interpreted as follows (see Figure 8) . 
A positive p2l phenotype could signify activation of p53 in 
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response to DNA damage or cellular stress. This effect would 
result in Gl arrest of the prostate tumor cells expressing 
p21. We observed, on the contrary, an association between 
p21 positive phenotype and increased proliferative activity. 
5 Thus, it is more plausible to postulate that the p21 
overexpression observed is caused by a p53- independent 
transactivation mechanism. In the setting of prostate 
cancer, the alternative mechanism could be due to mitogenic 
stimuli via growth factor signaling. There is abundant 

10 evidence regarding the upregulation of growth factor 
receptor/ligand activity in prostate tumors (42-46) . An 
additional aberration causing p53 inactivation would be 
required in this model to explain the lack of cell death and 
association with proliferative activity. It is our 

15 hypothesis that the increased mdm2 expression discussed above 
provides this requirement, further supporting the oncogenic 
role of mdm2 in prostate cancer. 

Finally, the association between p21 and high proliferative 
2 0 index might also reflect deregulated cyclinDl/CDK4 activity. 
In fact, we observed a strong association between p21 
positive phenotype and cyclin Dl overexpression in this 
cohort of patients (Drobnjak et al, personal communication) . 
Taken together, these data supports the concept that p21 
25 overexpression denotes an inefficient pRB control on S -phase 
entry. 

Growth control in mammalian cells is accomplished largely by 
the action of the RB protein, regulating exit from the Gl 

30 phase, and the p53 protein, triggering growth arrest or 
apoptotic processes. In this group of patients, there is 
enough evidence to suggest that both mechanisms are defective 
in prostate cancer. The high proliferative index reflects the 
inefficient pRB control. We postulate that this phenomenon 

35 is produced by deregulated cyclinDl/CDK4 activity, which is 
associated with a p21 positive phenotype. The deactivation 
of a p53 -dependent apoptosis could be explained by the 
degradation of p53 induced by mdm2 overexpression. 
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In sum, alterations affecting the p53 pathway are frequent 
events in prostate cancer. It is our hypothesis that a 
pathway of prostate cancer progression involves p53 
inactivation caused by mdm2 overexpression, and that p21 
5 transactivation in this setting is due to an alternative 
signaling system rather than through a p53 -dependent 
mechanism. 
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THIRD SERIES OF EXPERIMENTS 



Cyclin Dl is a key regulator of the Gl phase progression of 
the cell division cycle. There is an increasing evidence 
5 that deregulated cyclin Dl expression is implicated in 
tumorigenesis and tumor progression in certain neoplasms. 
The present study was conducted in order to analyze the 
alterations affecting cyclin Dl in prostate cancer, as well 
as to assess its potential clinical significance. We studied 

10 116 cases of primary (n=86) and metastatic (n=30) prostate 
carcinomas using immunohistochemistry and a well 
characterized monoclonal antibody to cyclin Dl . The results 
were correlated with proliferative index, as assessed by Ki67 
antigen expression and with clinicopathologic variables of 

15 poor prognosis. Cyclin Dl positive phenotype, defined as 
identification of immunoreactivity in the nuclei of ^20% 
tumor cells, was found in 26 of 116 (22%) cases. A 
significant association was observed between cyclin Dl 
positive phenotype and clinicopathologic parameters, such as 

20 advanced tumor stage (T*3) (P=0.045), evidence of bone 
metastases (P=0.001) and with elevated preoperative prostate 
specific antigen measurements (PSA >10 ng/ml) (P=0.01). Ki67 
proliferative index was considered high when £20% tumor cells 
displayed positive nuclear staining, a phenotype that was 

25 observed in 20 of 107 (19%) evaluable cases. Moreover, high 
Ki67 proliferative index was associated with cyclin Dl 
overexpression (P=0.01). These data support the hypothesis 
that alterations of cyclin Dl may represent an oncogenic 
event in human prostate cancer. Furthermore, it appears that 

3 0 cyclin Dl overexpression contributes to tumor progression in 
a subset of particularly aggressive prostate carcinomas, 
especially those developing osseous metastases. 

Prostate cancer has been reported to be a neoplastic disease 
35 of a slow growth rate. Nevertheless, it still represents the 
second leading cause of cancer deaths in men in the United 
States. There is an obvious discrepancy between the clinical 
impression of a slowly growing neoplasm and tendency to 
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produce an aggressive metastatic disease in individual 
patients. The prognostic indicators of histologic grade, 
pathologic stage, DNA ploidy, and tumor cell proliferative 
index proved to be of limited value in determining the 
5 biologic behavior of prostate cancer (1-3) . Tumor suppressor 
genes, particularly p53 and RB, implicated in the molecular 
genetics of many human malignancies, were reported to be 
altered in a rather low frequency in prostate cancer (4-8). 

10 Cell cycle transitions are controlled by functional 
heterodimers composed of a cyclin, acting as a regulatory 
subunit, and cyclin- dependent kinase (Cdk) , which acts as the 
catalytic component (9) . Multiple cyclins have been isolated 
and characterized, and a temporal map of their expression has 

15 been delineated. It is postulated that the complexes formed 
by cyclin Dl and Cdk4 govern Gl progression, while cyclin E- 
Cdk2 controls entry into S-phase and cyclin A-Cdk2 affects 
the regulation through S-phase (10) . Cyclin Dl-Cdk4 
complexes exert their function through the phosphorylation 

20 of the product encoded by the retinoblastoma gene, pRb, in 
order to overcome the cell cycle block imposed by 
hypophosphorylated pRb (10) . Several studies suggest that 
gene amplification and overexpression of cyclin Dl and Cdk4 
are oncogenic events in certain tumors, including breast 

25 cancer (11), head and neck tumors (12, 13) , esophageal (14, 
15) and colorectal carcinoma (16) . We undertook this study 
in order to analyze patterns of cyclin Dl expression in 
prostate cancer. The alterations identified were correlated 
with Ki67 proliferative index, as well as relevant 

30 clinicopathologic parameters, in an attempt to define their 
potential, biologic significance in prostate cancer. 
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EXPERIME NTAL DETAILS 

Experimental Details for Third Series of Experiments 
M&TSRTALS AND METHODS 

5 

Pat-ients Characteristics and Tissues. A cohort of 116 
patients with prostate carcinoma were evaluated, consisting 
of 86 primary and 30 metastatic cases (eight metastases to 
lymph node and 22 metastases to bone). All primary tumors 

10 (n=86) represented consecutive cases of patients who 
underwent radical prostatectomy at Memorial Sloan-Kettering 
Cancer Center, in the period of 1990 and 1991. All 
metastatic cases (n=30) were selected on the basis of the 
availability of tissue in the tumor bank. Samples were 

15 formalin-fixed, paraffin embedded tissue specimens, obtained 
from the Department of Pathology at Memorial Sloan-Kettering 
Cancer Center. Representative hematoxylin-eosin stained 
sections of each paraffin block were examined microscopically 
to confirm the presence of tumor, as well as to evaluate the 

20 pathologic grade and stage of the tumors analyzed. Thirty- 
three of 86 patients with primary carcinoma received 
preoperatively neoadjuvant hormone therapy (hormone treated) , 
while the remaining 53 patients were not treated with such 
protocols and were considered hormone-naive. Hormone-naive 

25 primary tumors with sufficient tumor representation on tissue 
sections were assigned histologic grade (n=47) . Histologic 
grade was categorized into two groups: low grade (Gleason 
score <7) , and high grade (Gleason score ;>7) According to 
pathologic stage, cases were grouped into early (organ 

3 0 confined tumors, T 2 ) , or advanced tumors (extending beyond 
prostatic capsule, *T 3 ) . The response variable time to 
prostate-specific antigen (PSA) relapse was defined as the 
time from radical prostatectomy to the time of the first 
detectable (non zero) PSA measurement. Three consecutive 

3 5 increases of PSA were required to confirm PSA relapse. Only 
patients who had a nonmeasurable PSA after radical 
prostatectomy were included in the analysis. 
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Monoclonal Antibodies and Immunohis to chemistry. 



The 



following well characterized antibodies and corresponding 
final working concentrations were used for the present study: 
anti-cyclin Dl mouse monoclonal antibody (Ab-3, clone DCS-6, 
5 IgGl, Oncogene, Calbiochem, Cambridge, MA; l/ig/ml) ; anti-Ki67 
mouse monoclonal antibody (clone MIB-1, IgGl, Immunotech, 
Marseille, France; 4/xg/ml) . A nonspecific mouse IgGl kappa 
monoclonal antibody was used as a negative control at similar 
working concentrations. Immunohistochemistry was performed 

10 on 5/im tissue sections using avidin-biotin-peroxidase method 
and antigen retrieval. Briefly, sections were immersed in 
boiling 0.01 M citric acid (pH 6.0) and heated in microwave 
oven for 15 minutes, to enhance epitope exposure. After 
cooling to room temperature, slides were incubated with 10% 

15 normal horse serum for 30 minutes. Subsequently , 

appropriately diluted primary antibodies were applied for 
overnight incubation at 4°C. Biotinylated horse anti -mouse 
IgG antibodies were used as secondary reagents, applied for 
an incubation period of 3 0 minutes (Vector Laboratories, 

20 Burlingame, CA; 1:500 dilution) , followed by avidin-biotin- 
peroxidase complexes incubated for 3 0 minutes (Vector 
Laboratories - 1:25 dilution). Diaminobenzidine was used as 
the final chromogen and hematoxylin as the nuclear 
counterstain. 



Irnmunohistochemistrv Evaluation. Nuclear immunoreactivities 

for both cyclin Dl and Ki67 antigens, were classified into 
two categories defined as follows: negative (<20% tumor cells 

3 0 displaying nuclear immunostaining) , and positive (_>20% tumor 
cells with nuclear immunostaining) . The appropriateness of 
this cutoff point was validated graphically by using 
predicted survival time and looking at specific 
immunoreactivities as a continuum data in this group of 

35 patients. Ultimately, results were interpreted as defined 
above . 



25 
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Statistical Methods. The baseline variables examined were 

PSA (ng/ml) at time of diagnosis- (divided into three 
categories: <4, 4-10 and >10) , Tumor grade (Gleason score) 
(divided into two mutually exclusive categories: <7 or >7) , 
5 Pathologic stage T (2 or >3), and percent cyclin Dl and Ki67 
expression. Statistical analyses were conducted to assess: 
1) the correlation between immunophenotypic variables and 
clinicopathologic parameters such as: presentation status, 
tumor grade, pathologic stage, preoperative PSA, and hormonal 

10 status; 2) the correlation among immunophenotypic variables; 
3) association between immunophenotypes and PSA relapse free 
survival- The Mantel -Haenszel chi- square test was used to 
assess the associations among the different variables and 
results were considered significant if the P value was <0.05. 

15 The FREQ procedure in SAS was used for this study (17) . The 
associations between time to PSA relapse and the 
immunophenotypes were evaluated using the Log Rank test and 
Kaplan Meier estimates (18) . 

20 EXPERIMENTAL RESULTS 

Experimental Results for the Third Series of Experiments 

Table 2 summarizes immunohistochemical data in relation to 
clinicopathologic parameters. Figure 9 illustrates the 
25 immunohistochemical staining patterns of cyclin Dl in 
representative cases of primary tumors and bone metastases. 



30 
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Table 2. Clinicopathologic Parameters in Relation to Cyclin Dl Immunoreactivity 

Parameter cyclin Dl-(<20%) cyclin Dl+U20%) Total P-value 

N (%) N (&) 

Total Patients 90 (77.6) 26 (22.4) 116 



Presentation 
Primary tms 



76 (88.4) 10 (11.6) 86 



LN metastases 7 (87.5) 1 (12.5) 8 NS 



Primary tms 



76 (88.4) 10 (11.6) 86 



Bone metastases 7 (31.8) 15 (68.2) 22 0.001 

Ki67 proliferative 
index 

Low (<20%) 71 (81.6) 16 (18.4) 87 

High (i20%> H (55.0) 9 (45.0) 20 0.01 

Primary tumors 76 (88.4) 10 (11.6) 86 

Tm. Grade (Gleason) * 

Low <<7) 27 (93.1) 2 (6.9) 29 

High U7) 17 (94.4) 1 (5.6) 18 NS 

Path. Stage 

Early (T 2 ) 48 (94.1) 3 (5.9) 51 

Advanced UT 3 ) 28 (80.0) 7 (20.0) 35 0.045 

Hormonal status 

H. naive 49 (92.5) 4 (7.5) 53 

H. treated 27 (81.8) 6 (18.2) 33 NS 

Pre treatment PSA 

<4 ng/ml 17 (94.4) 1 (5.6) 18 

4-10 ng/ml 28 (100.0) 0 (0.0) 28 

>10 ng/ml 31 (77.5) 9 (22.5) 40 0.01 



* Patients who had received neoadjuvant hormonal therapy (n-33) and tissue sections with 
inadequate tumor representation (n=»6) were not assigned Gleason grade and were excluded 
from this analysis. 
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Cyclin Dl was expressed in >20% tumor cells in 26 of 116 
(22%) evaluable cases, corresponding to 10 of 86 (12%) 
primary lesions and 16 of 30 (53%) metastases. There was a 
statistically significant association between cyclin Dl 
5 overexpression and the presence of bone metastases. We 
observed that 15 of 22 (68%) bone metastases lesions 
overexpressed cyclin Dl, while only 10 of 86 (12%) primary 
tumors presented with this positive phenotype (p=0.001). 
Cyclin Dl overexpression was also associated with advanced 

10 pathologic stage in primary tumors. We found that 7 of 35 
(20%) tumors of advanced stage (extending beyond the 
prostatic capsule, >T 3 ) displayed cyclin Dl nuclear 
overexpression, compared to only 3 of 51 (6%) organ confined 
tumors (T 2 ) (P^0.045). Cyclin Dl was also detected at 

15 increased percentage of tumor cells in patients with high 
initial pretreatment PSA values. Nine of 68 (13%) patients 
with PSA >:10ng/ml were cyclin Dl positive compared to only 
1 of 18 (5%) patients with PSA <4ng/ml (P=0.01). There was 
no association between cyclin Dl overexpression and tumor 

20 grade (Gleason score) or hormonal status (hormone naive vs. 
hormone treated) . In order to assess disease progression we 
evaluated the time to PSA failure after radical 
prostatectomy. There was no association between cyclin Dl 
nuclear overexpression and early relapse as defined by 

25 increased PSA measurements after radical prostatectomy in 
these group of patients (p=0.2). 

Cyclin Dl overexpression correlated well with high Ki67 
proliferative index, which was scored as being high in 2 0 of 

30 107 (19%) evaluable tumors. Nine of 20 (45%) tumors 
displaying high Ki67 proliferative index also possessed 
cyclin Dl nuclear overexpression, while only 16 of 87 (18%) 
cases with low Ki67 proliferative index overexpressed cyclin 
Dl (P=0.01). Nevertheless, Ki67 proliferative index alone 

35 was not associated with clinicopathologic parameters of poor 
outcome in this cohort of patients. 
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EXPERIMENTA-L DISC USSION 



Ex perimental Discussion for the Third Series of Experiments 

5 Autopsy records show that by the age of 80, approximately 60- 
70% of men around the world, have histologic evidence of 
prostatic carcinoma (19). Although this fact indicates 
generally slow growing nature of this malignancy, there are 
vast differences in the progression rate and development of 

10 clinically evident or metastatic disease in these patients 
during their lifetime. Prostate cancer progression tends to 
follow periprostatic and perivascular penetration, invasion 
along perineural spaces, pelvic lymph node metastases and 
particularly bone metastases (20) . Almost one fourth of 

15 newly diagnosed cases presents with lymph node and/or osseous 
metastases and only one fourth of those survive five years 

(21) . We were interested in analyzing the molecular events 
that might be responsible for the progression of prostate 
cancer from indolent to a life threatening, metastatic 

20 disease. 

Some earlier reports on determining prostate tumor 
proliferation, measured by flow cytometric S-phase fraction 
showed a positive predictive value of this variable and 

25 prostate cancer progression (2) . Tumors that demonstrate a 
higher proliferation rate are more likely to grow to and 
beyond prostatic capsule and to produce distant metastases. 
Recently, the cell division cycle regulatory mechanisms and 
their oncogenic role have become a major focus of cancer 

30 research. There is ever growing literature on cyclins and 
their associated kinases and their role in tumorigenesis 

(22) . Particularly D-family cyclins were implicated in 
specific human tumors. Bartkova et al . (23) report on a 
large group of various human malignancies, including 

35 carcinoma of the breast, uterus, colon, melanomas and soft 
tissue sarcomas, high proportion of which exhibit 
immunoreactivity for cyclin Dl . By far the most frequent 
chromosomal abnormality that affects cyclin Dl in majority 
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of tumors is DNA amplification that insults in increased 
expression of the RNA transcripts and protein levels (24) . 
In some tumor types, however, immunohistochemistry proved to 
be the most accurate technique in determining deregulated 
5 expression of cyclin Dl (11, 23) . In this study we used 
immunohistochemistry to determine cyclin Dl expression in 
patients with prostate carcinoma. To our knowledge this 
first expression study on cyclin Dl in both primary tumors 
and bone metastases specimens. Only recently Kallakury et 

10 al ,(25) evaluated the expression of p34 cdc2 and cyclin Dl in 
patients with radical prostatectomy. Results were correlated 
with conventional markers of poor prognosis. The authors 
showed no association between cyclin Dl immunoreactivity and 
clinicopathologic parameters, such as tumor grade, pathologic 

15 stage, lymph node metastases and with disease free survival. 
Our data in this study, on the other hand, suggest the 
involvement of cyclin Dl in the progression of human prostate 
cancer. There was a remarkably significant difference in the 
levels of cyclin Dl expression between bone metastases and 

20 primary tumors. There was an association between cyclin Dl 
immunoreactivity and tumors with advanced pathologic stage. 
Cyclin Dl further correlated well with high Ki67 
proliferative index. Taken together, these results support 
the theory that increased levels of cyclin Dl expression 

25 contribute to cell cycle imbalance with extremely shortened 
Gl phase and possibly with reduced cell requirements for 
growth factors to proliferate (26, 27) . Subclones of tumor 
cells with elevated cyclins expression may acquire 
uncontrolled growth advantage and contribute to tumor 
3 0 progression. 

In this study we conclude that cyclin Dl may play an 
oncogenic role in prostate cancer. Our data indicate that 
cyclin Dl is involved in tumor progression, particularly in 
35 a development of bone metastases.. However, in order to 
determine the timeframe and prognostic value of this marker 
in prostate cancer, from the early onset to the evolution of 
metastatic disease, we intend to evaluate cyclin Dl 
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immunophenotypes in paired samples of primary tumors and 
metastatic sites from "the same patients. 
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FOTTPTH SF BTES OF EXPERIMENTS 

The INK4A gene maps to the region 9p21, and was initially 
described as encoding a 148 amino acid protein termed pl6. 
5 The pl6 protein associates exclusively with Cdk4 and Cdk6 , 
inhibiting their complexation with D-type cyclins, and the 
consequent phosphorylation of pRB . This contributes to cell 
cycle arrest. The purpose of the present study was to 
evaluate patterns of pi 6 expression in a well characterized 
10 cohort of prostatic adenocarcinomas, while exploring 
potential associations between alterations of pl6 and 
clinicopathological variables. 

Normal and malignant tissues from 88 patients with prostate 
15 carcinoma were examined. In sitv hybridization and 
immunohistochemistry assays were used to determine the status 
of the INK4A exon la transcripts and levels of pl6 protein, 
respectively. Associations between altered patterns of 
expression and clinicopathological variables, including 
20 pre-treatment prostate-specific antigen (PSA) level, Gleason 
grade, pathologic stage, and hormonal status, were evaluated 
using the Mantel -Haenszel chi-square test . Biochemical (PSA) 
relapse after surgery was evaluated using the Kaplan-Meier 
method and the Log rank test. 

25 

The levels of pi 6 expression and INK4A exon la transcripts 
in normal prostate and benign hyperplastic tissues were 
undetectable. However, pl6 nuclear overexpression was 
observed in 38 (43%) prostate carcinomas, while the remaining 

30 50 (57%) cases showed undetectable pl6 levels. 
Overexpression of pl6 protein was found to correlate with 
increased INK4A exon la transcripts. Moreover, pl6 
overexpression was associated with a higher pre-treatment PSA 
level (P=-018), the use of neoadjuvant androgen ablation 

35 (P=.001), and a sooner time to PSA relapse after radical 
prostatectomy (P=.002). These data suggest that pl6 
overexpression is associated with tumor recurrence and a poor 
clinical course in patients with prostate cancer. 
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The INK4A gene maps to the short arm of chromosome 9 (9p21) , 
and was initially described as encoding a protein of Mr 
15,845, termed pl6. (1,2). The pl6 protein forms binary 
complexes exclusively with Cdk4 and Cdk6, inhibiting their 
5 kinase activity and subsequent pRb phosphorylation during the 
G l phase of the cell cycle. (1,3). Additional complexity 
results from the presence of a second INK4A product termed 
p!9 ARF . (4-6) The pl9 ARF protein has recently been shown to 
interact with mdm2 and to block mdm2 -induced p53 degradation 

10 and transactivational silencing (7, 8) . The two products, pl6 
and pl9 ARF / share exons 2 and 3 of the INK4A gene, but have 
distinct promoters and exon 1 units, exon la (pl6) and exon 
13 ^19*^) . The INK4A gene is mutated in a wide variety of 
tumor cell lines and certain primary tumors (2, 9-14) . In 

15 addition, methylation of the 5' CpG island of the exon la 
promoter region is a frequent mechanism of pl6 inactivation 
in primary tumors (15, 16) . 

In prostate cancer the role of INK4A has not been well 
2 0 elucidated, though analyses utilizing microsatellite markers 
in the vicinity of the INK4A gene have revealed loss of 
heterozygosity in a subset of primary and metastatic prostate 
tumors (17) . Unlike reports of other primary tumors, INK4A 
inactivation, either through deletions, mutations, or through 

2 5 promoter methylation, appears to be an infrequent event in 

prostate cancer (18-23) . The present study utilizes 
immunohistochemical and jji situ hybridization assays to 
examine patterns of pl6 expression in a well characterized 
cohort of prostate cancer patients treated with radical 

3 0 retropubic prostatectomy. Associations between altered pl6 

phenotypes and clinicopathological variables were also 
studied to further define their potential implications in 
prostate cancer. 
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EXPERIMENTAL DETAILS 

Experimental Details for Fourth Series of Experiments 
5 MATERIALS AND METHODS 

Patient Characteristics and Tissues . A cohort of patients 

with prostatic adenocarcinoma undergoing radical 
prostatectomy at the Memorial Sloan-Kettering Cancer Center 

10 from 1990-1991 was retrospectively evaluated. A total of 8 8 
patients had adequate clinical follow-up and available 
pathological materials. The median age at the time of 
surgery was 65 years (range 46 - 74 years) . The median 
follow-up time was 64.5 months (range 10 - 94 months). 

15 Formalin- fixed, paraffin-embedded prostate tissues were 
obtained from the Department of Pathology. Representative 
hematoxylin-eosin stained sections were examined to evaluate 
the histopathological characteristics of each tissue section. 

2 0 Clinicopathologic parameters examined included pre -treatment 

PSA, pathologic stage (24) and Gleason grade (25) , both 
determined based on the radical prostatectomy specimen. 
Hormonal status of the patients was also evaluated. A 
portion of the cohort (34 patients - 39%) was treated with 
25 neoadjuvant androgen ablation and were defined as 
hormone -treated. Patients who did not receive neoadjuvant 
therapy were defined as hormone naive. Additionally, 
biochemical relapse was examined. Relapse was defined as an 
elevation in the serum PSA level in a patient who had 

3 0 previously demonstrated an undetectable PSA level post- 

prostatectomy . That is, only patients who had an 
undetectable PSA level after surgery were included in the 
cohort, as this indicated that the surgical resection was 
complete and the patient was free of disease. Patients who 
35 had PSA relapse were classified as treatment failures with 
tumor recurrence. 
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TT ^mniiohi s tochemi s try . An avidin-biotin immunoper oxidase 
assay was performed on formal in- fixed, paraffin- embedded 
tissue sections. Deparaf f inized sections were treated with 
1% H 2 0 2 in order to block endogenous peroxidase activity. 
5 Sections were subsequently immersed in boiling 0.01% citric 
acid (pH 6.0) in a microwave oven for 15 minutes to enhance 
antigen retrieval, allowed to cool, and incubated with 10% 
normal horse serum (Organon Tecknika Corp, Westchester, PA) , 
to block non-specific tissue immunoreactivities. A well 

10 characterized antibody to pl6 (Ab-1, Oncogene Research 
Products, Cambridge, MA; 2ug/ml final concentration) was then 
incubated overnight at 4°C. Biotinylated horse ant i -mouse 
IgG antibodies (Vector Laboratories, Inc., Burlingame, CA; 
1:25 final dilution) were utilized as the secondary reagents. 

15 This was followed by avidin-biotin immunoperoxidase complexes 
{1:25, Vector Laboratories, Inc.) for 3 0 minutes. 
Diaminobenzidine was used as the final chromogen and 
hematoxylin was used as the nuclear counterstain. 
Immunoreactivities, assessed in tissue sections from a single 

20 representative block in each case, were classified as a 
continuum of data from undetectable levels or (0%) to 
homogenous staining levels (100%) . Data was independently 
obtained by two observers, with minor inter- observer 
variability which was resolved by review of the problem 

2 5 cases. Tumors were grouped into two categories defined as 

follows: Group A (^5% nuclear immunoreactivity in tumor 
cells) and Group B (>5% nuclear immunoreactivity in tumor 
cells) . 

3 0 In Situ Hybridization. Primers specific for the exon la 

sequence of the INK4A gene were utilized to create 
digoxigenin- labeled probes for in situ hybridization. Probes 
were cloned into a PCR- Script recombinant plasmid 
(Stratagene, La Jolla, CA) . Plasmid DNA (lug) was linearized 
35 using BamHI and Xhol . Antisense and sense riboprobes were 
generated from in vitro transcription of the linearized DNA 
using T7 and T3 RNA polymerases, respectively. 
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Transcription was sustained for 2 hours at 37°C in IX 
transcription buffer (Boehringer Mannheim, Indianapolis, IN) , 
20 U of RNA.se inhibitor, 10 mmol/L each of ATP, GTP, CTP, 6.5 
mmol/L UTP and 3.5 mmol/L. digoxigenin-UTP . Deparaf f inized 
5 tissue sections were rinsed in water and PBS for 10 minutes. 
The slides were digested with Proteinase K (50 ug/ml) for 18 
minutes at 3 7°C in PBS, and post -fixed at 4°C in a freshly 
prepared solution of 4% paraformaldehyde in PBS for 5 
minutes. Prehybridization was done for 30 minutes at room 

10 temperature (RT) in 50% f ormamide and 2X sodium 
chloride/sodium citrate (SSC) . The hybridization buffer 
consisted of 50% deionized formamide (v/v) , 10% dextran 
sulphate (50% stock solution) , 2XSSC (20X stock solution) , 
1% SDS (10% stock solution) , and 0.25 mg/ml of herring sperm 

15 DNA (10 mg/ml) . 

Hybridization was performed overnight at 45°C applying 10 
pmol/L digoxigenin- labeled riboprobe in 50 ul of 
hybridization buffer per section under a coverslip. The 

2 0 coverslips were removed and the slides were washed in 
pre-warmed 2XSSC for 20 minutes at 42°C twice, followed by 
washes in pre-warmed 1XSSC and 0 . 5XSSC at 42°C for 20 
minutes. After these washes the slides were incubated in 
normal sheep serum diluted in buffer pH 7 . 5 and successively 

25 in the same buffer with anti-digoxigenin-AP antibody 
(Boehringer Mannheim) at a dilution of 1:500 for 1 hour at 
RT. The visualization was accomplished by nitro-blue 
tetrazolium 5-bromo-4-chloro-3-indoylphosphate . The slides 
were counterstained with methyl green and mounted. 

30 

INK4A exon-la transcript levels were examined in a subgroup 
of 21 cases. Consecutive tissue sections were used to 
analyze pl6 protein by immunohistochemistry and INK4A exon-la 
transcript levels by in situ hybridization. As in the 
35 immunohistochemical analysis , tumors were grouped into two 
categories defined by the absence (.<5% tumor cells with 
cytoplasmic staining) or presence ( >5% tumor cells with 
cytoplasmic staining) of transcripts . 
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statistical Methods. The statistical analyses of the data 
from the 88 primary prostate cancer patients were conducted 
as follows. The response variable, time to PSA relapse, was 
5 defined as the time from radical prostatectomy to the time 
of first detectable PSA measurement. Patients who did not 
achieve a non-measurable PSA after radical prostatectomy were 
excluded from the analysis. Patients who were still alive 
at the time of analysis without relapse were censored at the 
10 date of last follow-up. The baseline variables examined were 
PSA measurement at time of diagnosis, hormone status, Gleason 
score (hormone naive patients only), stage of disease, and 
percent pl6 expression. 

15 Associations between pi 6 expression and different categorical 
variables (hormone status, tumor grade, tumor stage, and 
pretreatment PSA levels) were assessed by Mantel -Haenszel 
chi- square test. Continuous variables, such as pre- treatment 
PSA, not known to follow a particular distribution were 

2 0 compared between two or more groups using Wilcoxon 

non-parametric tests. 

The Cox proportional hazards model was used to examine the 
multivariate relationship between PSA relapse- free time from 
25 prostatectomy and the baseline variables listed above. The 
final model was determined using the "all subsets" procedure 
in SAS PHREG and the Score criterion (26) . As normal and 
benign tissues showed little to no pl6 expression, positive 
expression was described as >5% nuclear expression. This 

3 0 cutpoint was specified a priori and used for the subsequent 

statistical analysis. Immunohistochemical and in ,s j-tu 
hybridization studies were completed, analyzed, and recorded 
blind to clinical information. Kaplan-Meier estimates of 
relapse-free survival stratified by pl6 classification were 
35 evaluated. The L1FETEST procedure in SAS was used to 
generate the Kaplan-Meier estimates and the resulting 
survival curves (26, 27) . The Log rank test was used to test 
the hypothesis of no survival differences between pl6 
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positive and pl6 negative populations. 

TTVPK'R ^"MENTAL RESULTS 

5 Experimental Results for the Fourth Series of Experiments 

The normal human prostate displayed undetectable levels of 
pl6 protein and INK4A exon la transcripts in ductal and 
acinar epithelial cells. A lack of pl6 immunoreactivity in 
10 these cells was observed in hormone- treated and hormone naive 
cases. Fibromuscular stroma cells also showed undetectable 
exon la transcripts levels. A similar negative pattern of 
pl6 expression was observed upon the examination of prostatic 
tissue affected with benign hyperplasia (Figure 10) . 

15 

To determine the frequency and potential clinical 
implications of pl6 alterations in prostate cancer, we 
analyzed a cohort of 88 primary prostate carcinomas. Two 
patterns of pl6 protein expression were noted. We observed 

20 that 50 of the 88 cases (57%) had very low (<5% nuclear 
immunoreactivity; 7 cases) or undetectable (43 cases) levels 
of pl6 protein expression (Group A) (Figure 11A) . In a 
subgroup of these cases we also performed in sjty 
hybridization assays, which revealed that all cases had 

25 undetectable INK4A exon la transcripts (Figure 11B) . 
However, we noted that 38 of the 88 cases (43%) displayed 
nuclear staining with anti-pl6 specific antibodies (Group B) 
(Figure 11C) . Immunoreactivities in tumor cells were further 
stratified into three categories: 6% to 29% nuclear staining 

3 0 (n=ll cases) ,- 30% to 59% nuclear staining (n=15 cases) ; and 
60% to 100% nuclear staining (n=12 cases) . In a subset of 
these patients, we also conducted in situ hybridization 
assays with the INK4A exon la specific probe. All cases 
displaying positive immunoreactivities also displayed 

3 5 moderate to high levels of exon la transcripts (Figure 11D) . 



Table 3 summarizes the associations between pl6 phenotypes 
and clinicopathological variables, which were assessed by 
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Chi-sguare analyses. Immunohistochemical detection of pl6 
was not associated with Gleason grade, described as either 
low (Gleason grade 4 - 6) or high (Gleason grade 7 - 10 ) 
(P=0.153) . Similarly/ no association was observed between 
5 pl6 nuclear expression and pathologic stage, defined as 
organ-confined (T 1# T 2 ) and non organ- confined (T 3 , T 4/ or 
lymph -node +) (P=0.087). However, there was a strong 

association between pl6 nuclear expression and pre -treatment 
PSA levels, based on cutoff points of <4, 4-10, and >10 ng/ml 
10 (P=0.018). A similar result was observed when PSA was 
assessed as a continuous variable (P=0.01) . In addition, we 
noted a significant correlation between pl6 nuclear 
expression and the use of neoadjuvant androgen ablation 
(P=0.001) . 

15 
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Table 3 Association of pl6 Immunoreactivity with Tumor Grade, 
Hormonal Status, Tumor Stage , and Preoperative PSA Levels 

P16 Immunoreactivity (& of patients) 

Number of 



Subjects <;5% 5% p - value 



j-iJ. _L oujjj cl-lq 


o o 




38 (43%) 






Gleason Grade* 
<7 
;>7 

unable to evaluate 


82 

30 (37) 
18(22) 
34 (41) 


24 (80) 
11 (61) 


6 (20) 

7 (39) 


p=0 


. 153 


Hormonal Status 
hormone naive 
hormone -treated 


88 

54 (61) 
34 (39) 


40 (74) 
10(29) 


14 (26) 
24 (71) 


p=0. 


.001 


Pathologic Stage 


88 

53 (60) 
35 (40) 


34(64) 
16 (46) 


19(36) 
19 (54) 


p=0. 


087 


Pre treatment 
PSA (ng/ml) 
<4 . 0 
4-10 
>10 


88 

18 (20) 
29 (33) 
41 (47) 


14(78) 
19(66) 
17(41) 


4 (22) 
10(34) 
24 (59) 


p=0. 


018 


* Grading is based 


on the 


radical prostatectomy 


specimen . 


Patients who 



had received neoadjuvant androgen therapy were unable to be graded 
consistently. Six patients did not have Gleason grade information and 
were excluded from this analysis. 

A strong association was also found between pl6 nuclear 
overexpression and tumor recurrence, as defined by 
biochemical (PSA) relapse. Increasing pl6 expression 
correlated with an increased relative hazard of relapse, 
5 suggesting a continuous relationship of the data. Overall, 
tumor recurrence was observed in 34 of 88 ' cases (39%). 
Thirteen of 50 cases (26%) with undetectable- to-low pl6 
expression (Group A) developed tumor recurrence. However, 
tumor recurrence was observed in 21 of 38 cases (55%) with 

10 pi6 nuclear overexpression (Group B) (P=0.002) (Figure 12). 
Nevertheless, in a multivariate analysis adjusted for tumor 
grade, pre-treatment PSA, and pathologic stage, 
overexpression of pl6 did not contribute prognostic 
information over pre-treatment PSA, the strongest independent 

15 predictor of tumor recurrence. 
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Experimental Discussion for the Fourth Series of Experiments 

Normal prostate tissues display undetectable levels of pl6 
protein and INK4A exon la transcripts. It has been reported 
5 that pl6 expression is low to undetectable in most normal 
human tissues analyzed (15, 28, 29). In support of these 
observations, there are relatively low and near-constant 
levels of pl6 protein and mRNA throughout the cell cycle of 
normal lymphocytes in culture (30) . The lack of pl6 
10 expression in hyperplastic glands parallels that of normal 
prostatic tissue. Based on these data, it is our hypothesis 
that these negative pl6 phenotypes reflect basal physiologic 
levels of pl6. 

15 Primary prostatic adenocarcinomas revealed two distinct pi 6 
phenotypes. Most tumors were found to have undetectable or 
very low levels of pl6 protein expression (Group A - 57% of 
cases). This was associated with low levels or absence of 
INK4A exon la transcripts. Another group of tumors showed 

20 elevated pl6 protein expression (Group B - 43%) which was 
consistently associated with increased INK4A exon la 
transcripts. These findings suggest an upregulation of the 
INK4A-a gene, resulting in pl6 protein overexpression. 
Patients in Group B had a more aggressive course, 

25 demonstrated by high levels of pre-treatment PSA (P=. 018) and 
a sooner time to biochemical (PSA) relapse (P=.002). A worse 
prognosis for Group B is also revealed by the trending 
association of pi 6 overexpression with higher pathologic 
stage. 

30 

The negative phenotype observed in Group A might correspond 
to the normal physiologic state, reflecting low-to- 
undetectable pl6 levels. Alternatively, it could be related 
to mutations affecting the INK4A gene, especially homozygous 
35 deletions, or methylation of the INK4A exon la promoter 
region. Nevertheless, it has been reported that these events 
are infreguent in prostate cancer (17-23) . Furthermore, it 
appears the tumors with INK4A mutations have a more 
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aggressive clinical course (31-33). Contrary to this, in the 
present study, we observed that Group A patients had a less 
aggressive behavior than Group B patients. For these 
reasons, we hypothesize that the negative phenotype observed 
5 in Group A is more likely a reflection of the normal 
physiologic state. 

The up-regulation of the INK4A-a gene, resulting in the 
overexpression of pl.6 protein, may develop through different 

10 mechanisms. An association between increased pl6 transcript 
and protein levels occur in tumor cell lines and certain 
primary neoplasms that lack functional pRb (1, 34-37) . 
Moreover, pl6-mediated inhibition of cell cycle progression 
.appears to be dependent upon functional pRb (38, 3 9) . These 

15 data support an association between pl6 and pRb, where 
absence of functional pRb limits pl6 activity and possibly 
promotes INK4A-a upregulation. Alternatively, enhanced 
activation of the INK4A-a gene may occur. E2F1, a direct 
activator of the 1NK4A exon 13 promoter, does not appear to 

2 0 directly activate INK4A-a transcription (40) - However, 

evidence does exist for an indirect effect, as E2F1 
overexpression has been reported to markedly increase pl6 
transcripts and pl6-related CKI activity (41) . 
Overexpression of cyclin Dl and/or of Cdk4 may also influence 
25 pi 6 expression, through a compensatory feedback loop where 
deregulation of cyclin D/Cdk4 complexes results in increased 
levels of pl6 protein (28, 42) . In summary, it appears that 
an altered RB axis could trigger pl6 overexpression in 
certain systems. 

30 

Cellular stress produced by replicative senescence (43-45) , 
hyperthermia (46) , and UV irradiation (47) has been reported 
to trigger pl6 overexpression. In the present study, another 
type of cellular stress, androgen ablation, may account in 

3 5 part for this observed phenomenon. A subset of patients were 

treated with neoadjuvant androgen ablation, a strategy 
reported to decrease the incidence of positive surgical 
margins after prostatectomy (48) . In the present study, pl6 
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overexpression was observed in 71% of hormone -treated versus 
26% of hormone -naive patients (P=.001). These data suggest 
that pl6 expression may be enhanced by androgen depletion. 
Androgens are known to modulate the expression of other CKI 1 s 
5 such as p27 and p21 (49) . In addition, it has been reported 
that the presence of androgens triggers downregulation of pl6 
in LNCaP cells (50) , a finding consistent with our 
observation of pl6 overexpression in cases of androgen 
ablation. It is also possible that the association between 
10 pi 6 expression and androgen ablation may, in part, reflect 
staging bias by clinicians. In this setting, patients 
thought to have advanced disease may have been treated with 
neoad j uvant therapy , 

15 Based on the the above referred data, it is our working 
hypothesis that pl6 overexpression in prostate cancer 
represents an altered phenotype, which identifies a subgroup 
of patients with a higher likelihood of post surgical failure 
and tumor recurrence. In support of this postulate, a 

2 0 preliminary report in prostate cancer has demonstrated an 
association between pl6 overexpression and poor outcome , as 
related to biochemical failure (51) . In addition, pl6 
overexpression has been associated with tumor progression and 
a poor prognosis in ovarian (52) and breast cancers (37) . 

25 Though pi 6 acts as a negative cell cycle regulator, specific 
mechanisms may contribute to its altered expression, 
overcoming pi 6 -mediated tumor suppressor activities. Ongoing 
studies may elucidate mechanisms of pl6 overexpression 
relative to androgen depletion and/or alterations in the RB 



3 0 axis. 
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FIFTH SERIES OF EXPERIMENTS 
ABSTRACT 

Background: Amplification of HER-2/neu gene and 

overexpression of its encoded product, the pl85neu (HER- 
5 2/neu) tyrosine kinase membrane receptor, have been 
associated with tumor progression in certain neoplasms. 
Purpose: We conducted this study in order to investigate 
patterns of HER-2/neu protein expression in prostate cancer, 
analyzing different points in the natural and treated history 

10 of the disease. Methods: Eighty-three radical prostatectomy 
cases and 20 metastatic lesions were studied for the 
association between HER-2/neu protein overexpression detected 
by immunohistochemistry and clinicopathological parameters 
including time to PSA relapse. Results: HER-2/neu protein 

15 overexpression, defined as complete membrane staining in >10% 
of tumor cells using the FDA-approved DAKO kit, was found in 
9 of 45 (20%) of evaluable hormone naive primary tumors and 
23 of 34 (67%) primary tumors after androgen deprivation 
therapy (P=0.0001). Of the 20 metastatic lesions, positivity 

20 was noted in 16 (80%) of the cases. On univariate analysis, 
HER-2/neu overexpression was associated with pretreatment PSA 
(P=0.011) and time to PSA relapse (P=0.02). After 
controlling for pretreatment PSA, the association between 
hormone treatment and KER-2/neu was still observed 

25 (P=0.0003). No association was found between HER-2/neu 
overexpression and Gleason score, capsular invasion, and 
tumor proliferative index determined by Ki67.- Conclusions: 
These data suggest that there is significant HER-2/neu 
overexpression in primary tumors that persist after androgen- 

30 deprivation. It also emphasizes the importance of 
characterizing tumors at determined points in the natural or 
treated history of prostate cancer when targeting treatment 
to specific biologic processes. 



35 
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INTRODUCTION 

HER-2/neu protein is a transmembrane tyrosine kinase receptor 
with high homology to the epidermal growth factor receptor 
(1) . Amplification of the HER-2/neu gene and overexpression 
5 of its encoded protein have been observed in certain tumor 
types, including breast, ovary, and lung carcinomas (2-4). 
In prostate cancer, several studies have reported HER-2/neu 
gene amplification or protein overexpression to variable 
degrees in cell lines (5), xenografts (6), as well as in 

10 primary tumor samples (7,8). Little consideration, in the 
literature, has been given to .the point in the history of 
disease that the tumor sample being analyzed represents. The 
distinction between diagnostic biopsies and radical 
prostatectomy specimens, the specifics of prior therapy 

15 administered, and whether the tumor was obtained from the 
prostate or metastatic lesion are not reported consistently 
in different series. Disparate levels of reported HER-2/neu 
expression in prostate cancer may also be due to the lack of 
standardization of the immunohistochemical assays used, the 

20 antibody used to assess HER2 status, distinct antigen 
recovery strategies, and scoring methodologies with different 
definitions of w abnormal" (9-13) . 

The current study focused on the pattern of HER-2/neu protein 
25 expression in prostate cancers representing two distinct 
clinical states assessed with a standardized 
immunohistochemical assay (14) : localized disease (pre- and 
post-androgen ablation) , and androgen- independent metastatic 
tumors. The associations between patterns of HER-2/neu 
30 protein expression and standard clinicopathological 
parameters of poor outcome were also examined. 
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MATERIALS AND METHODS 

Clinical and Pathological Data. 

A cohort of 103 patients with prostate cancer was studied, 
including 83 cases with localized tumors and 2 0 different 
5 patients with metastatic lesions. The 83 localized tumors 
were obtained for the study by radical prostatectomy 
performed between 1990 and 1991 at Memorial Sloan-Kettering 
Cancer Center, and patients were followed up at the center. 
Twenty metastatic lesions from patients with progressive 

10 androgen- independent disease were also analyzed. Samples 
were formalin- fixed paraffin-embedded tissue specimens. 
Representative hematoxylin-eosin stained sections of each 
paraffin block were examined microscopically to confirm the 
presence of tumor, as well as to evaluate the pathological 

15 grade and stage of the primary tumors analyzed. Thirty- four 
of the 83 patients with clinically localized tumors received 
preoperative neoadjuvant androgen ablation therapy, while the 
rema ining 4 9 patients were hormone - naive . Forty- five of the 
4 9 hormone-naive primary lesions with sufficient tumor 

20 representation on tissue sections were assigned a 
histological grade. Cases were grouped as low Gleason score 
(<7, n=28) , and high Gleason score U 7, n=17) . Post- 
androgen deprivation samples were not graded (15) . According 
to pathologic stage, cases were grouped into organ confined 

2 5 tumors (pT2, n=5 0) , or tumors extending beyond prostatic 
capsule (T *3 , n=33) . The response variable time to 
prostate-specific antigen (PSA) relapse was defined as the 
time from radical prostatectomy to the time of the first 
detectable (non-zero) PSA. Three consecutive increases of 

30 PSA were required to confirm PSA relapse; however, the time 
of relapse was taken as the time of the first detectable PSA 
value. Patients who did not achieve a non-measurable PSA 
after radical prostatectomy were excluded from the analysis. 
The twenty metastatic androgen- independent cases were all 

35 bone lesions. 
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Immunohistocheinical Analysis of HER-2/neu Expression. The 

DAKO Herceptest Imrnunohistochemical kit (DAKO Corp., 
Carpenteria, CA) was used as previously described (16,17). 
Membrane immunore activities for HER-2/neu protein were 
5 categorized as undetectable or "zero" to +3 category, as 
defined by the developers of the commercial kit, and compared 
with the supplied positive and negative controls. Score 
"zero" is defined as undetectable staining or membrane 
staining in less than 10% of the tumor cells. Score +1 is 

10 defined as faint membrane staining detected in more than 10% 
of the tumor cells. Score +2 was considered as weak to 
moderate complete membrane staining observed in more than 10% 
of the tumor cells. Finally, score +3 was defined as a 
moderate to strong complete membrane staining observed in 

15 >10% of the tumor cells. HER-2/neu protein expression was 
classified into two categories defined as follows: negative 
(scores 0 and 1) and positive (scores 2 and 3), The cut off 
point was used based on reported studies in breast cancer 
(16,17) and as approved for use by the US Food and Drug 

20 Administration. 

Imrnunohistochemical Analysis of Ki67 Expression. Tumor 
proliferative activity was assessed by the anti-Ki67 
monoclonal antibody MIB1 (Immunotech Corp., France; 1:50 

25 dilution). Clone MIgs-KpI, a mouse monolconal antibody of 
the same subclass as MIB1, was used as a negative control at 
similar working dilution (Pharmingen Laboratories, San Diego, 
CA) . Sections were immersed in boiling 0.01% citric acid (pH- 
6.0) for 15 minutes to enhance antigen retrieval, allowed to 

30 cool, and incubated with the primary antibody overnight at 
4°C. Biotinylated horse anti -mouse IgG antibodies were 
applied for 1 hour (Vector Laboratories, Burlingame, CA; 
1:500 dilution), followed by avidin-biotin peroxidase 
complexes for 3 0 minutes (Vector Laboratories; 1:25 

35 dilution) . Diaminobenzidine was used as the final chromogen, 
and hematoxylin as the nuclear counterstain. Nuclear 
immunoreactivities were classified into two categories: 
negative (<20% of tumor cells displaying nuclear staining) 
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and positive (> 20% tumor cells displaying nuclear staining) . 
Ki67 proliferative index was considered high when ^ 2 0% of 
tumor cells displayed a positive MIB1 nuclear staining 
pattern (18, 19) . 

5 

Fluorescence "In Situ" Hybridization (FISH) . We conducted 
FISH analyses using a HER-2/neu gene copy number in 66 cases 
using a unique sequence HER-2/neu probe (Ventana Medical 
System, Tucson, AZ) . The assay was considered to detect gene 
10 amplification if more than 4 copies of the HER-2/neu gene 
were identified in at least 40 tumor cells. 

Statistical Analyses, The baseline variables examined were 
PSA (units) at time of diagnosis, Gleason score (divided into 

15 two mutually exclusive categories: <7 or *7) , T stage of 
disease (pT2 or £ pT3) , and HER-2/neu membrane expression 
patterns (negative or positive, see above) . Statistical 
analyses were conducted to explore: 1) the association 
between immunophenotypic variables and clinico-pathologic 

20 parameters, such as tumor grade, tumor stage, preoperative 
PSA, and hormonal status; and 2) the association between HER- 
2/neu phenotypes and PSA relapse free survival- The Fisher's 
exact test was used to assess the associations among the 
different variables, and results were considered significant 

25 if the P value was <0.05 (20) . The FREQ procedure in SAS was 
used for this study (21) . The LOGISTIC procedure in SAS, 
using the Wald test, was used to assess the univariate 
association between preoperative PSA and HER-2/neu phenotypes 
considering PSA as a continuous variable (21) . The 

30 univariate associations between preoperative PSA and hormonal 
status was also explored, while the univariate associations 
between time to PSA relapse and HER2 immunophenotype was 
evaluated using the log rank test (22) . Survival 
distributions were generated using the Kaplan-Meier estimate 

35 (23). The Cox proportional hazards model was employed to 

examine the relationship between time to PSA relapse and HER- 
2/neu protein overexpression after controlling for 
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pretreatment PSA and hormone treatment (24) . A Wald test was 
used to test for an association between hormonal status and 
HER-2/neu overexpression controlling for pretreatment PSA 
(21) . 

5 RESULTS 

Table 4 summarizes immunohistochemical data in relation to 
clinicopathological parameters. Figure 13 illustrates the 
immunohistochemical patterns of HER-2/neu protein expression 
in representative tumors with different staining scores 

10 compared to the control. In normal prostate samples, as 
well as in normal and benign hyperplastic glands, we observed 
HER-2/neu expression in basal cells, which served as internal 
controls for the evaluation of HER-2/neu immunostaining . In 
contrast, luminal (or secretory) cells in the normal glands 

15 were unreactive to HER-2/neu antibodies. 

HER-2/neu membrane overexpression was observed in 32 of 83 
(38.5%) of the radical prostatectomy cases (Table 4). 
Twenty- two (26.5%) cases were scored as zero, 29 (35%) cases 
20 were scored as +1, and 32 cases (38.5%) were considered +2 
(Figure 13) . This last value was used to define the cut-off 
point for HER-2/neu protein overexpression. We did not 
observe staining score of +3 as per the DAKO kit control in 
this cohort of patients. 



25 



30 



35 



Twenty- three of 34 (67%) patients who received neoadjuvant 
androgen ablation therapy were found to have HER-2/neu 
protein overexpression, versus 9 of 45 (20%) patients who 
were hormone naive at the time of radical prostatectomy. 
This association was statistically significant (P=0.0001). 
We also observed an association between baseline PSA and 
receipt of neoadjuvant hormones (P=0.0004). This association, 
coupled with the observed association between pretreatment 
PSA and HER-2/neu protein overexpression (P=0.011), suggests 
that pretreatment PSA may be a confounding factor in the 
relationship between hormone treatment and HER-2/neu 
expression. However, after controlling for pretreatment PSA 
the association between hormone treatment, and HER-2/neu 
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expression still exists (P=0.0003). We also found that 16 of 
the 20 (80%) androgen independent metastatic cases displayed 
HER-2/neu protein overexpression. Three cases (15%) were 
scored as zero, one case (5%) was scored as +1, ten cases 
5 (50%) were scored as +2, and six cases (30%) were considered 
+3 . 

No association was observed between HER- 2 /neu protein 
overexpression and tumor stage (P=0.36), or Ki67 

10 proliferative index (P=0.74). The same observation was seen 
analyzing hormone-naive group, as no association was observed 
between HER -2 /neu protein overexpression and tumor stage 
(P=0.265), Gleason score (P=0.071) or Ki67 (P-0.583). An 
association was found between HER - 2 / neu protein 

15 overexpression and time to PSA failure after radical 
prostatectomy (P=0.02), however, after adjusting for pre- 
treatment PSA and hormone treatment, the association between 
HER- 2 /neu protein overexpression and time to PSA relapse was 
not significant (P=0.94). 

20. 

A significant number of FISH procedures were unsuccessful 
with failure to obtain control hybridization. Only two cases 
of 66 cases revealed HER- 2 /neu gene amplification. The two 
cases displaying HER- 2 /neu gene amplification also showed a 
25 HER- 2 /neu protein overexpression phenotype. 
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TABLE 4 

Relationship 



of 



WER-2 /neu Over express ion and 



n inicop afHnloa ical Para meters in Prostate Cancer (n=83). 

Parameter HER- 2 HER -2 Total P-value 

Negative Positive 

# % # % 



Total 

Path stage 

pT2 

2pT3 



51 

33 
18 



61.5 

66 
55 



32 

17 
15 



38 .5 

34 
45 



83 

50 
33 



0 .36 



15 



Pre- treatment PSA 

<10 33 76 

£10 18 45 



10 
22 



24 
55 



43 
40 



0 . 011* 



20 



Ki Index 

<20% 

>20% 



45 
6 



Hormone Status 
Neoadjuvant 11 
Naive 3 6 



63 
54 



33 
80 



26 
5 



23 

9 



37 
46 



67 
20 



71 
11 



0 . 74 



34 

45 <0.0001 
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Relationship 



of 



HER -2 /neu 



Overexpression 



and 



ninicopat.hnloaicp l Parameters in Hormone Naive Prostate 

Cancer (n=45) . 



Gleason Score 

<7 23 82 

2>7 14 14 



5 
3 



18 
23 



28 
17 



0 . 071 



35 



Path stage 

<T 2 24 86 4 14 28 

^ T3 12 71 5 29 17 0.265 

Pre - treatment PSA 

<10 28 90 3 10 31 

il0 8 57 6 43 14 0.003* 

4 0 Ki Index 

<20 32 82 7 18 39 

^20 4 67 2 33 6 0.583 



45 



* p-value generated from the Wald test using SAS procedure 
LOGISTIC where PSA is a continuous variable 
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DISCUSSION 

This study shows the importance of evaluating tumors 
representing specific points in the natural history of 
prostate cancer (14) . In untreated hormone-naive primary 
5 tumors, HER-2/neu expression was infrequent (20%) . In 
contrast, overexpression was observed in 80% of metastatic 
cases, and 67% of primary tumors surviving after androgen 
ablation- These patterns of HER-2/neu expression in prostate 
cancer should be regarded as "deregulated" rather than 
10 "ectopic," since HER-2/neu is detected in the basal cells of 
normal prostate glands. 

Overall, HER-2/neu membrane overexpression was observed in 
38% of the radical prostatectomy specimens. However, with 

15 reported rates of HER-2/neu overexpression in prostate cancer 
ranging from 0% to 94% it is difficult to determine a precise 
estimate (26-33). An evaluation of ■ methodological differences 
between the situations helps to clarify the significance of 
the outcomes. These include the nature of the material 

20 studied r as well as the method of assessment. In this 
regard, we used a standardised kit and established cut-off 
values, albeit validated for breast cancer. We observed a 
correlation between score +2 overexpression and PSA relapse. 
This is the same cut-off value utilized in the context of 

25 breast cancer studies (16,17). We have also noted that HER- 
2/neu immunostaining in primary prostate cancer specimens is 
heterogeneous and focal. None of the primary tumors was 
scored as +3; however, 30% of metastatic lesions had a score 
of +3. In addition, we found that 80% (16 out of 20) of 

30 tumors representing androgen-independent metastatic disease 
overexpressed HER-2/neu protein. This shows the contribution 
of prior therapy and clinical state to overall outcomes. 

HER-2/neu protein overexpression in primary tumors was 
35 compared to gene amplification using FISH in 66 cases. None 
of the HER-2/neu negative tumors showed amplification, while 
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two of the HER -2 /neu positive cases revealed amplification 
signals. HER- 2 /neu overexpression in the absence of gene 
amplification may be due to transcriptional and post- 
translational mechanisms (36) , a phenomenon that is also 
5 clinically frequent for other oncogenes such as cyclin Dl and 
mdm2 (37,38) . 

A recent study on prostate cancer reported that 8 of 86 (9%) 
cases displayed HER- 2 /neu gene amplification; however, only 

10 one of these 8 tumors had a "moderate" amplification signal, 
while the remaining seven tumors were all described to have 
"low" amplification signals (39) - It appears that, despite 
several earlier studies employing a FISH-based assay that 
found higher gene amplification rates (31,40), the frequency 

15 of HER- 2 /neu amplification in primary prostate carcinoma is 
generally lower than that reported in other tumor types, 
including ovary and larynx cancer (3,41). The most 
significant association was observed between HER- 2 /neu 
overexpression and prior androgen deprivation, a factor often 

2 0 not considered as a prognostic factor. Even after 
controlling for the confounding effect of pretreatment PSA, 
this association was still observed. 

While the mechanisms that contribute to the higher frequency 
25 of an altered HER2 status in tumors of different stages, 
suggests a role for HER-2/neu signalling in cell survival. 
This is supported by recent reports in which specific 
interactions between HER-2/neu and the androgen receptor have 
been described (42,43). Forced overexpression of HER-2/neu 
30 in androgen-dependent prostate cancer cells allowed ligand- 
independent growth. In this setting, HER-2/neu was able to 
activate the androgen receptor signaling even in the absence 
of the ligand, namely androgens. This "cross talk" is 
probably bi-directional, meaning that androgen ablation, 
35 known to down-regulate androgen receptors, could also up- 
regulate HER-2/neu in response to cellular stress. 
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An alternative explanation is that the higher frequency of 
positivity in neoadjuvant treated tumors is simply a function 
of disease extent. The association observed between HER- 
2/neu overexpression and higher pre-treatment PSA is 
consistent with this postulate. Similarly, the association 
between HER-2/neu2 overexpression and time to PSA relapse in 
this cohort may also reflect the more advanced nature of the 
tumor treated in this cohort. Against this is the fact that 
the association between HER2 status and prior hormone 
exposure persisted after controlling for baseline PSA. 



The present study emphasizes the importance of characterizing 
the clinical state of the patient from which the tumor is 

15 studied. Based on our observation, we believe that detailed 
information regarding prior hormone exposure is essential 
when designing clinical trials targeting HER2 and other 
signaling molecules associated, with prostate cancer 
progression. In that regard, xenograft studies with targeted 

20 therapy to HER- 2/ neu demonstrated disparate responses 
dependent on the androgen status of the prostate cancers 
(44) . 

ACKNOWLEDGEMENTS 
This work was in part supported by NIH Grant CA-DK-47650 
25 (C.C.C.) and the PepsiCo Foundation (M.D. and H.I.S.) . 



10 



15 



20 



WO 00/77258 PCT/USOO/16007 

-97- 

REFERENCES FOR FTFTH SERIES OF EXPERIMENTS 

1. Aguilar Z, Akita RW, Finn RS, Ramos BL, Pegram MD, 
Kabbinavar FF, Pietras RJ, Pisacane P, Sliwkowski MX, 
Slamon DJ. Biologic effects of heregulin/neu 
differentiation factor on normal and malignant human 
breast and ovarian epithelial cells. Oncogene 18:6050- 
6062, 1999. 

2. Klijanienko J, Couturier J, Galut M, El-Naggar AK, 
Maciorowski Z, Padoy E, Mosseri V, Vielh P. Detection 
and quantitation by fluorescence in situ hybridization 
(FISH) and image analysis of HER-2/neu gene 
amplification in breast cancer fine-needle samples. 
Cancer 67:312-318,1999. 

3. Ross JS, Yang F, Kallakury BV, Sheehan CE, Ambros RA, 
Muraca PJ. HER-2/neu oncogene amplification by 
fluorescence in situ hybridization in epithelial tumors 
of the ovary. Am J Clin Pathol 111:311-316, 1999. 



4. Shackney SE, Smith CA, Pollice A, Levitt M, Magovern 
JA, Wiechmann RJ, Silverman J, Sweeney L, Landreneau 
RJ. Genetic evolutionary staging of early non-small 
cell lung cancer: the P53 HER-2/NEU ras sequence. 

25 J Thorac Cardiovasc Surg 118:259-267,1999. 

5. Lyne JC, Melhem MF, Finley GG, Wen D, Liu N, Deng DH, 
Salup R. Tissue expression of neu differentiation 
f actor/h.eregulin and its receptor complex in prostate 

30 cancer and its biologic effects on prostate cancer 

cells in vitro. Cancer J Sci Am 3:21-30, 1997. 

6. Skrepnik N, Zieske AW, Bravo JC, Gillespie AT, Hunt JD. 
Recombinant oncotoxin AR209 (anti-pl85/erbB-2 ) 

35 diminishes human prostate cancer xenografts. 

J Urol 161:984-989, 1999. 



McCann A, Dervan PA, Johnston PA, Gullick WJ, Carney 



WO 00/77258 



PCTAJSOO/16007 



-98- 



8. 

5 



9. 

10 



10. 

15 



11 . 

20 



12 . 

25 



13 . 

30 



14 . 

35 

15 . 



DN. c-erbB-2 oncoprotein expression in primary human 
tumors. Cancer 65:88-92, 1990. 

Ware JL, Maygarden SJ, Koontz WW, Strom SC. 
Immunohistochemical detection of c-erbB2 protein in 
human benign and neoplastic prostate. Hum Pathol 
22:254-258, 1991. 

Mellon K, Thompson S, Charlton RG, Marsh C, Robinson M, 
Lane DP, Harris AL, Horne CH, Neal DE. P53, c-erbB-2 
and the epidermal growth factor receptor in the benign 
and malignant prostate. J Urol 147:496-499, 1992. 

Visakorpi T, Kallioniemi O-P, Koivula T, Harvey J, 
Isola J. Expression of epidermal growth factor 
receptor and c-erbB-2 (HER-2/neu) oncoprotein in 
prostatic carcinomas. Modern Pathol 5:643-648, 1992. 

Ibrahim GK, MacDonald JA, Kerns BJ, Ibrahim SN, 
Humphrey PA, Robertson CN. Differential 
immunoreactivity of HER-2/neu oncoprotein in prostatic 
tissues. Surg Oncol 1:151-155, 1992. 

Giri DK, Wadhwa SN, Upadhaya SN, Talwar GP. Expression 
of NEU/HER-2 oncoprotein (pl85neu) in prostate tumors: 
an immunohistochemical study. Prostate 23:329-336, 
1993 . 

Kuhn EJ, Kurnot RA, Sesterhenn IA, Chang EH, Moul J. 
Expression of the c-erbB-2 (HER-2/neu) oncoprotein in 
human prostatic carcinoma. J Urol 150:1427-1433, 1993. 

Scher H, Heller G. A clinical states model for prostate 
cancer progression. Urology (In Press) . 

Bostwick DG. Prostatic adenocarcinoma following 
androgen depriviaition therapy. The new difficulty in 
histologic interpertation . Ant Pathol. 3:1-16, 1998. 



WO 00/77258 




PCT/USOO/16007 



Edorh A, Parache RM, Migeon C, N'Sossani B, Rihn B. 
Expression of the c-erbB-2 oncoprotein in mammary 
Paget' s disease. Immunohistochemical study by using 3 
antibodies. Pathol Biol 43:584-589,1995. 

Jacobs TW, Gown AM, Yaziji H, Barnes MJ, Schnitt SJ . 
Specificity of HercepTest in determining HER-2/neu 
status of breast cancers using the United States Food 
and Drug Admini strati on -Approved Scoring System. J Clin 
Oncol 17:1983- 1988, 1998. 



18. Osman I, Drobnjak M, Fazzari M, Ferrara j; Scher HI, 
15 Cordon-Cardo C. Inactivation of the p53 pathway in 

prostate cancer: impact on tumor progression. Clin 
Cancer Res 5:2 082-2 088,1999. 

19. Osman I, Scher H, Zhang ZF, Soos TJ, Hamza R, Eissa S, 
20 Khaled H, Koff'A, Cordon-Cardo C. Expression of cyclin 

Dl, but not cyclins E and A, is related to progression 
in bilharzial bladder cancer. Clin Cancer Res 3:2247- 
2251, 1997. 

25 20. Agresti, A. Categorical Data Analysis, pp. 39-44. New 
York: Wiley, 1996. 

21. SAS/STAT User Guide, Version6. Cary, SAS Institute Inc., 
1990. 



30 



22, Mantel, N. Evaluation of survival data and two new rank 
order statistics arising in its consideration. Cancer 
Chemother Rep 50:163-170, 1996. 



35 



Kaplan EL, Meier P. Nonparametric estimation from 
incomplete observation. J Am Stat Assoc 53:457-481, 
1958. 



WO 00/77258 



PCT/US00/16007 



-100- 



10 



15 



20 



25 



30 



24. Ware JL. Growth factor network disruption in prostate 
cancer progression. Cancer Metastasis Rev 17:443-774, 



Cox DR. Regression models and life tables. J Roy 
Statist Soc 34:187-220, 1972. 



analysis using the SAS system, SAS Institute Inc., 
1995. . 

27. Mellon K, Thompson S, Charlton RG, Marsh C, Robinson M, 
Lane DP, Harris AL, Home CH, Neal DE. p53, c-erbB-2 
and the epidermal growth factor receptor in the benign 
and malignant prostate. J Urol 147:496-499,1992. 

28. Visakorpi T, Kallioniemi OP, Koivula T, Harvey J, Isola 
J. Expression of epidermal growth factor receptor and 
ERBB2 (HER-2/Neu) oncoprotein in prostatic carcinomas. 
Mod Pathol 5:643-648, 1992. 

29. Fox SB, Persad RA, Coleman N, Day CA, Silcocks PB, 
Collins CC. Prognostic value of c-erbB-2 and epidermal 
growth factor receptor in stage Al (Tla) prostatic 
adenocarcinoma. Br J Urol 2:214-220,1994. 

30. Sadasivan R, Morgan R, Jennings S, Austenfeld M, Van 
Veldhuizen P, Stephens R f Noble M. Overexpression of 
Her-2/neu may be an indicator of poor prognosis in 
prostate cancer. J Urol 150:126-131, 1993. 

31. Myers RB, Srivastava S, Oelschlager DK, Grizzle WE. 
Expression of pl60erbB-3 and pl85erbB-2 in prostatic 
intraepithelial neoplasia and prostatic adenocarcinoma. 
J Natl Cancer Inst 86 : 1140- 1145 , 1994. 



1998. 



26. 



Stokes ME, Davis CS, Kouch GG. 



Categorial data 



32. 



Gu K, Mes-Masson AM, Gauthier J, Saad F. Overexpression 



( 



WO 00/77258 PCT/OS00/16007 

-101- 

of her-2/neu in human human prostate cancer and benign 
hyperplasia. Cancer Lett 99:185-189, 1996. 

33. Ross JS, Sheehan CE, Hayner-Buchan AM, Ambros RA, 
Kallakury BV, Kaufman RP Jr, Fisher HA, Rifkin MD, 
Muraca PJ. Prognostic significance of HER-2/neu gene 
amplification status by fluorescence in situ 
hybridization of prostate carcinoma. Cancer 79:2162- 
2170, 1997. 

34. Schultz LB, Weber BL. Recent advances in breast cancer 
biology. Curr Opin Oncol 11:429-434, 1999. 

35. Hortobagyi GN, Hung MC, Buzdar AU. Recent developments 
15 in breast cancer therapy. Semin Oncol 26:11-20, 1999. 

36. Child SJ, Miller MK, Geballe AP. Cell type -dependent 
and -independent control of HER-2/neu translation. Int 
J Biochem Cell Biol 31:201-213, 1999. 



10 



20 



25 



30 



35 



37. Kim SH, Lewis JJ, Brennan MF, Woodruff JM, Dudas M, 
Cordon-Cardo C. Overexpression of cyclin Dl is 
associated with poor prognosis in extremity soft-tissue 
sarcomas Clin Cancer Res 4:2377-2382, 1998. 

38. Osman I, Scher HI, Zhang ZF, Pellicer I, Hamza R, Eissa 
S, Khaled H, Cordon-Cardo C. Alterations affecting the 
p53 control pathway in bilharzial -related bladder 
cancer Clin Cancer Res 3:531-536, 1997.. 

39. Nark HF, Feldman D, Das S, Kye H, Mark S, Sun CL, Samy 
M- Fluorescence in situ hybridization study of HER- 
2/neu oncogene amplification in prostate cancer. Exp 
Mol Pathol 66:170-178, 1999. 

40. Ross JS, Sheehan C, Hayner-BuchanA, Ambros RA, 
Kallakury BVS, Kaufman R, Fisher HAG, Muraca PJ. HER- 
2/neu gene amplification status in prostate cancer by 



WO 00/77258 PCT/US00/16007 

-102- 

fluorescence in situ-hybridization . Hum Pathol 28:827- 
833, 1997. 

41. Tantawy A, Youins L, Hamza M . Expression of c-erb B-2 
5 oncoprotein in cancer of the larynx in relation to 

invasion of the cartilagenous framework and prognosis. 
Eur Arch Otorhinol 256 (2 ): 72 -77 , 1999 . 

42. Craft N, Shostak Y, Carey M, Sawyers CL A. mechanism 
10 for hormone -independent prostate cancer through 

modulation of androgen receptor signaling by the HER- 
2/neu tyrosine kinase. Nat Med 5:280-285, 1999. 

43. Mydlo JH, Krai JG, Volpe M, Axotis C, Macchia RJ, 
15 Pertschuk LP. An analysis of microvessel density, 

androgen receptor, p53 and HER-2/neu expression and 
Gleason score in prostate cancer. Preliminary results 
and therapeutic implications. Eur Urol 34:426-432,1998. 



20 44. Agus DB, Scher HI, Higgins B, Fox WD, Heller G, Fazzari 
M, Cordon- Cardo C, Golde DW. Response of prostate 
cancer to anti-Her-2/neu antibody in androgen dependent 
and independent human xenograft models. Cancer Res 
59:4761-4764, 1999. 



ft 

PCTAJS00/16007 

103- 

SIXTH SERIES OF EXPERIMENTS 

Response of Prostate Cancer To Anti-Her-2/neu Antibody In 
Androgen -Dependent And Independent Human Xenograft Models. 

5 Antibody to the Her-2/neu gene product has been shown to 
inhibit the growth of breast cancer cells overexpressing Her- 
2/neu and to have clinical utility in treating breast cancer. 
We studied a recombinant, humanized anti-Her-2/neu antibody 
(Herceptin) in preclinical models of human prostate cancer. 

10 The androgen -dependent CWR22 and LNCaP human prostate cancer 
xenograft models and androgen- independent sublines of CWR22 
were used. Her-2/neu staining of the parental, androgen- 
dependent, and androgen- independent CWR22 tumors and LNCaP 
tumors demonstrated variable Her-2/neu expression. Herceptin 

15 was administered i.p. at a dose of 20mg/kg twice weekly after 
the xenograft had been established. No effect of Herceptin 
on tumor growth was observed in any of the androgen- 
independent tumors; however, significant growth inhibition 
was observed in both of the androgen- dependent xenograft 

20 models, CWR22 (68% growth inhibition at the completion of the 
experiment; P=0.03 for trajectories of the average tumor 
volume of the groups) and LNCaP (89% growth inhibit ion ; 
P=0.002). There was a significant increase in prostate- 
specific antigen (PSA) index (ng PSA/ml serum/mm3 tumor) in 

25 Herceptin-treated androgen- dependent groups compared with 
control (CWR22 , 18-fold relative to pretreatment value versus 
1.0-fold, P=0.0001; LNCaP, 2.35-fold relative to pretreatment 
value versus 0.6-fold, P=0.001). When pacl it axel (6.25mg/kg 
s.c, five times/week) was given to animals with androgen- 

30 dependent and independent tumors, there was growth inhibition 
in each group. Paclitaxel and Herceptin cotreatment led to 
greater growth inhibition than was seen for the agents 
individually. Thus, in these prostate cancer model systems, 
Herceptin alone has clinical activity only in the androgen- 

35 dependent tumor and has at least an additive effect on 
growth, in combination with paclitaxel, in both androgen- 
dependent and androgen- independent tumors. Response to 
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Herceptin did not correlate with the PSA levels, because the 
PSA index markedly increased in the Hercept in- treated group, 
whereas it remained constant in the control group. These 
results suggest the utility of Herceptin in the treatment of 
human prostate cancer. 
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is Claimed is: 

A method for determining the aggressiveness of a 
prostate carcinoma comprising: 

(a) obtaining a sample of the prostate carcinoma; and 

(b) detecting the presence of p27 protein in the 
prostate carcinoma; the absence of p27 indicating 
that the prostate carcinoma is aggressive. 

A method for diagnosing a benign prostate hyperplasia 
comprising : 

(a) obtaining an appropriate sample of the 
hyperplasia; and 

(b) detecting the presence of the p2 7 RNA, a decrease 
of the p27 RNA indicating that the hyperplasia is 
benign. 

A method of claim 2, further comprising detecting the 
protein expression of p2 7 wherein this additional step 
may be performed before or after the detection of the 
presence of the p27 RNA. 

A method for predicting the life-span of a patient with 
prostate carcinoma comprising: 

(a) obtaining a sample of the prostate carcinoma;, and 

(b) detecting the presence of p27 protein in the 
prostate carcinoma, the presence of the p2 7 
protein indicating that the patient can live 
longer than the patient who are undetectable p27 
protein. 

A method for increasing the life-span of a patient with 
prostate carcinoma comprising inducing the expression 
of p27 protein in the prostate carcinoma. 

A method for prolong life-span of a patient with 
prostate carcinoma which comprises introducing a 
nucleic acid molecule having sequence encoding a p27 
protein into the carcinoma cell under conditions 
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permitting expression of said gene so as to prolong the 
life-span of the patient with said prostate carcinoma. 

7. The method of claim 6, wherein the nucleic acid 
molecule comprises a vector. 

8. The method of claim 7, wherein the vector is an 
adenovirus vector, adenoassociated virus vector, 
Epstein-Barr virus vector, retrovirus vector or 
vaccinia virus vector. 

9. A method for prolonging life-span of a patient with 
prostate carcinoma which comprises introducing an 
effective amount of p27 protein into the carcinoma cell 
so as to thereby prolong the life-span of the patient 
with said prostate carcinoma. 

10. A method for prolonging life-span of a patient with 
prostate carcinoma which comprises introducing an 
effective amount of a substance capable of stabilizing 
the p27 protein into the carcinoma cell so as to 
thereby prolong the life-span of the patient with said 
prostate carcinoma . 

11. A composition for prolonging life-span of a patient 
with prostate carcinoma which comprises an effective 
amount of a nucleic acid molecule having sequence 
encoding a p27 protein and a suitable carrier. 

12. A composition for prolonging life-span of a patient 
with prostate carcinoma which comprises an effective 
amount of the p27 protein and a suitable carrier. 

13. A composition for prolonging life-span of a patient 
with prostate carcinoma which comprises an effective 
amount a substance capable of stabilizing the p27 
protein and a suitable carrier. 
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14. A method for determining the rate of proliferation of 
a prostate cancer comprising: 

(a) obtaining a sample of the prostate cancer; and 

(b) detecting the presence of p21 protein in the 
prostate cancer, the presence of p21 indicating 
that the prostate cancer will have a high 
proliferation rate. 

15. A method for determining the rate of proliferation of 
a prostate cancer comprising: 

(a) obtaining a sample of the prostate cancer; and 

(b) detecting the mdm2 expression in the prostate 
cancer, the overexpression of mdm2 indicating that 
the prostate cancer will have high proliferation 
rate. 

16 . A method for determining whether a prostate cancer 
would be metastatic comprising: 

(a) obtaining a sample of the prostate cancer; and 

(b) detecting the level of cyclin Dl expression in the 
prostate cancer, the overexpression of cyclin Dl 
indicating that the prostate cancer will be 
metastatic . 

17. The method of claim 16, wherein the prostate cancer is 
metastatic to bone. 

18. A method for determining the tumor recurrence in 
prostate cancer comprising: 

(a) obtaining a sample of the prostate cancer; and 

(b) detecting the expression of the cyclin- dependent 
kinase inhibitor pl6 in the prostate cancer, the 
overexpression of pl6 indicating that the prostate 
cancer will have high tumor recurrence. 



19. 



A method of treating prostate cancer in a subject 
comprising administering to the subject a 
therapeutically effective amount of anti-Her-2/neu 
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antibody to the subject. 

20. The method of claim 19, wherein the prostate cancer is 
androgen- dependent . 

21. The method of claim 19 further comprising administering 
to the subject an antitumor chemotherapeutic agent. 

22. The method of claim 21, wherein the antitumor 
chemotherapeutic agent is selected from the group 
consisting of paclitaxel, doxorubicin, cis-platin, 
cyclophosphamide, etoposide , vinorelbine, vinblastin, 
tamoxifen, colchinin, and 2-methoxyestradiol . 

23. The method of claim 19, wherein the prostate cancer is 
androgen- dependent . 

24. The method of claim 19, wherein the prostate cancer is 
androgen- independent . 

25. A method of diagnosing prostate cancer in a subject 
which comprises : 

a ) measuring the amount of Her-2/neu expressed by a 
prostate sample from the subject; and 

b) comparing the. amount of Her-2/neu expressed in 
step (a) with the amount of Her-2/neu expressed by 
a normal prostate, wherein a higher amount of Her- 
2/neu expressed in step (a) indicates prostate 
cancer. 

26. A method of diagnosing prostate cancer in a subject 
which comprises: 

a) measuring the amount of Her-2/neu expressed by a 
prostate sample from the subject; and b) comparing 
the amount of Her-2/neu expressed in step (a) with 
the amount of Her-2/neu expressed by known cancer 
cell lines, wherein a higher amount of Her-2/neu 
expressed in step (a) than in the known cancer 
cell lines indicates prostate cancer. 
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administering p27 protein, respectively. 

Group VI, claim 12. drawn to p27 protein, which is structurally distinct from p27 polynucleotide of group I. 
Group VII, claim 13. drawn to a substance capable of stabilizing p27 protein, which is structurally distinct from p27 
polynucleotide of group I. 
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means, i.e. detecting p!6 expression versus detecting p27 expression of group I. 
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different diseases, and thus the objectives of the diagnosis of the two species are distinct. 
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Democratic People's Republic of Korea 



1 an^ania 



□ HU 

□ ID 

□ IL 

□ IN 

□ IS 

H jp 

□ KE 

□ KG 

□ KP 

□ KR 

□ KZ 

□ LC 

□ LK 

Precautionary Designation Statement: In addition to the designations made above, ihe applicant also makes under Rule *1.9(b) all other 
desio'nations which would be permitted under the PCT except any designation(s) indicated in ihe Supplemental Box as being excluded 
frorn the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority dale is to be regarded as withdrawn by the applicant 
at Ihe expiration of thai time limit. (Confirmation (inchidingfees) must reach die recemng Office wtlmi the J 5-nionUi time hmiL) 



□ UZ 

□ VN 

□ YU 

□ ZA 

□ ZW 



Mexico . . 
Norway 
New Zealand 
Poland 
Portugal 
Romania 

Russian Federal ion 
Sudan 
Sweden 
Singapore 
Slovenia . 
Slovakia . 
Sierra Leone 
Tajikistan . . 
Turkmenistan 
Turkey . . 
Trinidad and i \*\x\t 
United Republic of 

Ukraine 

Uganda 

United States of America 

cpntinuation--in-p.art . (see Page. .5) . . . 

Uzbekistan 

Viet Nam 

Yugoslavia . 

South Africa 

Zimbabwe 

boxes reserved for designating Stales which have 



Republic of Korea paVryio' The" PCT after issuance of this sheet 



Kazakhstan 
Saint Lucia 
Sri Lanka 



□ 
□ 



Box No. VI PRIORITY CLAliM 



Tiling dale 
of earlier application 
idav/moniibyear} 



m 

Numbe 



Sheet No. A 



nber 

of earlier applieaiion 



ED Funher priority clair^ jj^n 



dicated in the Supplemental Box. 



Where earlier application is: 



national application: 
counlrv 



regional application:* 
regional Office 



international application: 
receiving O f ficc 



hem (I) 10.06.99 
(10 June 1999) 



09/329,917 



US 



item (2) 



item (3) 



13 



The receiving Office is requested to prepare and transmit to the international Bureau a certified copy 
ol the earlier applicalion(s) (only if the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as iteni(s): 1 



* Where the earlier applieaiion is an ARJPO applieaiion. it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protect ion of Industrial Property for which that earlier application was filed (Rule 4.l(i(b)(ii)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choiceof Inter national Searching Authority (IS A) 

(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used): 

ISA / us 



Request to use results of earlier search:: reference to that search (if an earlier 

search has been carried out by or requested from the International Searching Authority): 



Date (day/m on th'\ ear) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request 6 

description (excluding 
sequence listing pari) 

claims 

abstract 

drawings 

sequence listing part 



of description 
Total number of sheets 



104 
4 
1 
14 

0 



129 



This international application is accompanied by the item(s) marked below: 
1.0 fee calculation sheet 

2. Q separate signed power of attorney 

3. Q copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature * 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. Q separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. [3 other ^jpec/AyTransmittal Letter, Attachment A 



Figure of the drawings which 
should accompany the abstract: 


Language of filing of the 

international application: English 


Box No. IN SIGNATURE OF APPLICANT OR AGENT 



Sen to each signature, indicate the name oj the person signing and the capacity in which />* person signs (if such capacity is not obvious Jrom reading the request). 

SLOAN-KETTERING INSTITUTE FOR CANCER RESEARCH 




NAME: Jamfi^ §. Quirk DATE 
TITLE: Senior Vice-President, Research Resources Management 



1 . Date of actual receipt of the purported 
international application: 


2. Drawings: 
| | received: 

1 | not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


A. Dale of timely receipt of the required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority . , 
( if two or more arc competent): J ^ ' 


6. I 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 





Date of receipt of the record copy 
bv the International Bureau: 



Form PCT/RO/101 (last sheet) (July 1998; reprint January 1999) 



See Sotes to the request form 



Shed No.- 



Box No. VI PRIORITY CLA1.M 



Tiling dale 
of earlier application 
idav/ntontliyear) 



. .4A. . . 

Q Further priorily clai 



of earlier applicalion 




dicated in ihc Supplemental Box. 



Where ear^^application is: 



national applicalion: 
counirv 



regional application:* 
regional Office 



international application: 
receivins Office 



ucm(l) 10,06.99 
(10 June 1999) 



09/329,917 



US 



item (2) 



item (3) 



H I hc receiving Office is requested to prepare and transmit to the international Bureau a certified copy 
of the earlier applicalion(s) (only if the earlier applicalion was filed with the Office which for the 

purposes of the present inter national application is the receiving Office) identified above as item(s): 1 

* Where the earlier application is an ARJPO application, it is mandatory- to indicate in the Supplemental Box at least one country- party- to the Paris 
Convention for the Protection of Industrial Property- for which that earlier application was filed (Rule 4. IQ(b)fii)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice (^International Searching Authority (ISA) 

(if two or more International Searching Authorities are 
competent to cam- out the international search, indicate 
the Authority chosen: the two-letter code maybe used): 

ISA / us 



Request to use results of earlier search; reference to that search (if an earlier 

search has been carried out by or requested from the International Searching Authority): 



Date (day/mont)i/year) 



Number 



Country* (or regional Office) 



BoxNo.VHI CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : 6 

description (excluding 

sequence listing part) 104 

claims 4 

abstract 1 

drawings 14 

sequence listing part 

of description 0 



Total number of sheets 



129 



This international application is accompanied by the item(s) marked below: 

1. IX) fee calculation sheet 

2. □ separate signed power of attorney 

3. Q copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority documeni(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. 0 other (specify): Transmittal Letter, Attachment A 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the . 

international application: Englxsn 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Sext to each signature, indicate the name of the persj&lsignmnand tite/Qipaaryvfh which ttie person signs (if such capacity is not obvious from reading the request). 



Cart 



>s Cordon-Cardo 



Q7/2r/a> 

Date 



Howard I. Scher Date Andrew Koff Date 





1. Dale of actual receipt of the purported 
international application: 


2. Drawings: 
| | received: 

| | not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Dale of timely receipt of the required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority ■ , 
(if two or more arc competent): ' 


6. 1 | Transmittal of search copy delayed 
1 1 until search fee is paid. 



For International Bureau use only 



Date of receipt of the record copy 
by the International Bureau: f * 

~orm PCT/RO/101 (last sheet) (July 1998; reprint January 1999) $ee Sotes to the request form 



Box No. VI PRIORITY CLAIM 



Filing date 
or earlier application 
idav/moniliyearJ 



Sheet No. 



4A 



Tumber 
of earlier opplicaiion 



Q Funher priorit>Tlairq| ^j^i 



idicated in the Supplemental Bon. 



Where earlier application is: 



national application: 
countrv 



regional application:* 
recional Office 



iniemational application: 
receiving Office 



iicm(l) 10.06.99 
(10 June 1999) 



09/329,917 



US 



item (2) 



item (3) 



The reccivine Office is requested to prepare and transmit to the International Bureau a certified copy 
of the earlier applicaiion(s) (only if the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as iiem(s): 1 



* Where the earlier application is an A FJPO application, it is mandatory to indicate in the Supplemental Box at least one country parry to the Pahs 
Convention for the Protection of industrial Property for which that earlier application was filed (Rule 4. IQ(b)(n)l See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice or International Searching Authority (ISA) 
(if two or more International Searching Authorities are 
competent to cam' out the international search, indicate 
the Author if)' chosen: the two-letter code may be used): 



ISA / us 



Request to use results of earlier search; reference to that search (if an earlier 

search has been carried out by or requested from the International Searching Authority): 



Date (day/month f year) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the follow ing number of sheets: 

request : 6 

description (excluding 

sequence listing part) 104 

claims 4 

abstract 1 

drawings 14 

sequence listing part 

of description 0 



Total number of sheets : 129 



This international application is accompanied by the item(s) marked below: 

1. El fee calculation sheet 

2. □ separate signed power of attorney 

3. g copy of general power of attorney: reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. 0 otner (specify*): Transmittal Letter, Attachment A 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the . 

international application: English 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 

Sext to each signature, indicate tlie natne of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 



Carlos Cordon-Cardo 



Date 



Howard- I. Scher 



Date 



Andrew Koff 



Date 





1 . Date of actual receipt of the purported 
international application: 


2. Drawings: 
| | received: 

1 | not received: 


3 Corrected date of actual receipt due to later but 
timelv received papers or drawings completing 
the purported international application: 


4. Date of timely receipt of ihe required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority . 
(if two or more arc competent): ivri / 


6. 1 — 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 



For International Bureau use only 



Date of receipt of the record copy 
bv the International Bureau: r 



FormPCT/RO/IOI (last sheet) (July 1998: reprint January 1999) 



See Xotes to the request form 



Bo> No. VI PRIORITY CLAIM 



Filing dale 
of earlier application 
(ciavt'nwniiiyear) 



ilcni(l) 10.06.99 
(10 June 1999) 



iicm (2) 



iicm (3) 



Numbei 



Sheet No. 



4A 



nber 

of earlier application 



09/329,917 



| | Funhcr priority clairr^^^^dicatcd in the Supplemental Bon. 



national application: 
countrv 



US 



Where earlier application is: 

international application: 
receiving Office 



regional application: 
regional Office 



S i ne rcccivine Office is requested to prepare and transmit to the international Bureau a certified copy 
of (he earlier~applica(ion(s) (only if the earlier application was filed with (he Office which for the 
purposes of the present international application is the receiving Office) identified above as uem(S): 1 



* Where the earlier application is an ARJPO application, it is mandatory to indicate in the Wiw/ fiojr at least one country party to the Paris 
Co^nVwM the Protection of Industrial Property for which that earlier application was filed (Rule 4. 10(b>(u)L See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choict of International Searching Authority (ISA) 
tif two or more International Searching Authorities are 
competent to cam- out the international search, indicate 
the Authority chosen; the two-letter code maybe used): 

ISA / us 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authority): 

Dale (day/month'year) Number Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : 6 

description (excluding 
sequence listing part) 

claims 



abstract 
drawings 

sequence listing part 
of description 

Total number of sheets 



104 
4 
1 
14 

0 



129 



This international application is accompanied by the item(s) marked below: 

1. B3 f cc calculation sheet 

2. □ separate signed power of attorney 

3. q copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. Q separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. 0 other (specify-): Transmittal Letter, Attachment A 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the . 

international application: fcnglisn 



nm No. IX SIGNATURE OF APPLICANT OR AGENT - 

Aexr to each signature, indicate tlie norm of the person signing and the capacity in which the person signs (if such capacity is not obMousfrom reading tl* request) 



Carlos Cordon-Cardo 



Date 



Howard I . Scher 



Date 




£ndfew Koff 





L Date of actual receipt of the purported 
international application: 


2. Drawings: 
| | received: 


3 Corrected date of actual receipt due to later but 
limelv received papers or drawings completing 
the purported international application: 


4 Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 


| | not received: 


5 International Searching Authority , 
(if two or more arc competent): ' 


6. | — 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 





For International Bureau use only 



Date of receipt of the record copy 
bv the International Bureau: 



-orm PCT/RO/I0I (last sheet) (July 1998; reprint January 1999) 



5ee Sotes to the request form 



^^ j^ Sheet No. ..5 



Supplemental Box If the Supplemental Box is not used, this sheet should not be included in the request. 



I If in onv of the Boxes, the space is insufficient to furnish all the information: in such case, write 'Continuation of Box No. ... " 
/indicate the number of the Box ] and furnish the information in the same manner as required according to the captions of the Box in which 
the space was insufficient, in particular; 

(i) if more than two persons are involved as applicants and/or inventors and no "continuation sheet " is available: in such case, write 
'Continuation of Box No. Ill " and indicate for each additional person the same type of information as required in Box No. III. The 
country of the address indicated in this Box is the applicant 's State (that is, country) of residence if no State of residence is indicated 
below: 

(H) if in Box No II or in anv of the sub-boxes of Box No. III. the indication "the States indicated in the Supplemental Box w is checked: 
in such case, write "Continuation of Box No. II" or "Continuation of Box No. Ill" or "Continuation of Boxes No. II and No. Ill" 
(as the case mav be), indicate the name of the applicant(s) involved and, next to (each) such name, the State(s) (and/or. where 
applicable, ARIPO. Eurasian, European or OAPi patent) for the purposes of which the named person is applicant; 

(Hi) if. in Box No. II or in anv of the sub-boxes of Box No. Ill the inventor or the inventor/applicant is not inventor for the purposes 
of all designated Statesor for the purposes of the United States of America: insuchcase. write "Continuation of Box No. II" or 
"Continuation of Box No. Ill" or "Continuation of Boxes No. II and No. Ill" (as the case may be), indicate the name of the 
inventor(s) and, next to (each) such name, the State(s) (and/or, where applicable, ARIPO. Eurasian. European or OA PI pa tent) for 
the purposes of which the named person is inventor; 

(iv) if in addition to the agent(s) indicated in Box No. IK there are further agents: in such case, write "Continuation of Box No. IV" 
and indicate for each further agent the same type of information as required in Box No. IV; 

(v) if. in Box No V. the name of anvState (or OAPI) is accompanied by the indication "patent of addition, " or "certificate of addition. " 
or if in Box No. V. the name of the United States of America is accompanied by an indication "continuation ' or "continuation- 
in-part" in such case, write Continuation of Box No. V" and the name of each State involved (or OAPI). and after the name of 
each such State (or OAPI), the number of the parent title or parent application and the date of grant of the parent title or filing 
of the parent application; 

(vi) if in Box No VL there are more than three earlier applications whose priority is claimed: insuchcase. write "Continuation of 
Box No. VI" and indicate for each additional earlier application the same type of information as required in Box No. VI; 

MO if. Box No VL the earlier application is an ARIPO application: in such case, write "Continuation of Box No. VI", specify the 
number of the item corresponding to that earlier application and indicate at least one country party to the Paris Convention for 
the Protection of Industrial Property for which that earlier application was filed. 



2 If with regard to the precautionary designation statement contained in Box No. V, the applicant wishes to exclude any State(s)from 
the scope of that statement: in such case, write "Designation(s) excluded from precautionary designation statement" and indicate the 
name or two-letter code of each State so excluded. 

3 If the applicant claims, in respect of anv designated Office, the benefits of provisions of the national law concerning non-prejudicial 
disclosures or exceptions to lack of novelty: in such case, write "Statement concerning non-prejudicial disclosures or exceptions to lack 
of novelty " and furnish that statement below. 

Continuation of Box V.: U.S. Serial No. 09/329,917, filed June 10, 1999 



See Motes to the reauest form 



The demand must be filed directly with 
with the one chosen by the applicant. 

tpea/ us_ ; 



ith l^^^npetent International Preliminary Examining Authorit^^f two o 

r. The full name or two-letter code of that Authority may be indicated by 



if two or more Authorities are competent, 
the applicant on the line below: 



PCT 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty. 



CHAPTER II 



Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
55293-B-PCT 


international application No. 
PCT/USOO/16007 


international filing date (day/month/year) 
9 June 2000 


(Earliest) Priority date (day/month/year) 
10 June 1999 


Title of invention 

MARKERS FOR PROSTATE CANCER ^ 


Box No. II APPLICANTS) 


Name and address: f 'Family name followed by givenname; for a legal entity, full official designation. 
The address must include postal code and name of country. ) 

SLOAN-KETTERING INSTITUTE FOR CANCER RESEARCH 

1275 York Avenue 

New York, New York 10021 

United States of America 


Telephone No.: 
None 


Facsimile No.: 

None 


Teleprinter No.: 
None 


State (Le. country) of nationality: 

United States of America 


State (i.e. country) of residence: 

United States of America 


N ame and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. ) 

C0RD0N-CARD0, Carlos 
860 U.N. Plaza 
Apt. 14F 

New York, New York 10017 
United States of America 


State (i.e. country) of nationality: 

United States of America 


State lie. country) of residence: 

United States of Amerira 


Name and address: (Family name followed by given name; jo rale gal entity, full official designation. The address must include postal code andname of country,) 

SCHER, Howard I. 
264 Highwood Avenue 
Tenafly, New Jersey 07670 
United States of America 


State lie. country} of nationally: 

TTm'fpd States of America 


State (i.c. country) of residence: 

United States of America 


Further applicants are indicated on a continuation sheet. 




international application No. 



PCT/USQO/16007 

Continuation of Box No. II APPLICANT(S) 



// none of the following sub-boxes is used, this sheet is not to be included in the demand. 



Name and address: { Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country, ) 

KOFF, Andrew 
593 Cathleen Place 
Westbury, New York 11590 
United States of America 



State (Le. country) of nationality: 


State (Le. country) of residence: 


United States of America 


United States of America 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. ) . 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



Name and address : (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. J 



State (Le. country) of nationality: 



State (i.e. country) of residence: 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. J 



State {Le. country) of nationality: 



State (Le. country) of residence: 



j | Further applicants are indicated on another continuation sheet. 



Form PCT/IPE A/401 (continuation sheet) (January 1994; reprint January 1998) 



See Notes to the demand form 



Sheet No. . .3 



International application No. 
PCT/US00/16007 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is [x] agent common representative 

an( j has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

j is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

□ is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in 
addition to the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by Riven name: for a legal entity, full official designation. 
The address must include postal code and name of country.} 

WHITE, John P. 

Cooper & Dunham LLP 

1185 Avenue of the Americas 

New York, New York 10036 

United States of America 



Telephone No.: 
(212) 278-0400 



Facsimile No.: 

(212) 391-0526 



Teleprinter No.: 
None 



Mark this check-box where no agent or common representative is/has been appointed and the space above is used 



□ Mark this cnecK-oox wnere no ascm ur common representative is/nas oeer 
instead to indicate a special address to which correspondence should be sent. 



Box No. IV STATEMENT CONCERNING AMENDMENTS 



The applicant wishes the Internationa] Preliminary Examining Authority* 

^ j | t0 start the international preliminary examination on the basis of the international application as originally filed. 
^ |^ j l0 into account the amendments under Article 34 of 

[ J the description (amendments attached). 

| j the claims (amendments attached). 

| | the drawings (amendments attached). 

□ to take into account any amendments of the claims under Article 19 filed with the International Bureau (a copy is 
attached). 

(iv) [ [ to disregard any amendments of the claims made under Article 1 9 and to consider them as reversed. 

| — | to postpone the start of the international preliminary examination until the expiration of 20 months from the priority 
' 1_J (j ate unless that Authority receives a copy of any amendments made under Article 19 or a notice from the applicant 
that he does not wish to make such amendments (Rule 69, 1(d)), (This check-box may be marked only where the time 
limit under A rticle 19 has not yet expired. ) 



* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the international 
application under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw 
up a written opinion or the international preliminary examination report, as so amended. 

Box No. V ELECTION OF STATES 

IS?! The applicant hereby elects all eligible States {that is, all States which have been designated and which are bound by 
Chapter 11 of the PCT) except 



(If the applicant does not wish to elect certain eligible States, the name(s) or country code(s) of those States must be 
indicated above.) 



Form PCT/IPEA/401 (second sheet) (January 1994; reprint January 1998) 



See Notes to the demand form 



Sheet No. 



International application No. 

PCT/USOO/16007 



Box No. VI CHECKLIST 



The demand is accompanied by the following documents for the 







received 


not received 


! . amendments under Article 34 








description 


sheets 


□ 


□ 


claims 


sheets 


□ 


□ 


drawings 


sheets 


□ 


□ 


2. letter accompanying amendments 




□ 




under Article 34 


sheets 


□ 


3. copy of amendments under Article 19 


sheets 


□ 


□ 


4. copy of statement under Article 19 


sheets 


□ 


□ 


5. other f specify'): 


sheets 


□ 


□ 



For Internationa] Preliminary 
Examining Authority use only 



The demand is also accompanied by the item(s) marked below: 

1 . [ j separate signed power of attorney 

2. [ | copy of general power of attorney 

3. statement explaining lack of signature 



4 - L_X | fee calculation sheet 

5- [x] other (specify): Express Mail Certificate 
of Mailing Bearing Express Mail Label 
//EK873630392US dated 5 January 2001 



Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Nextttt each signature, indicate the name of the person sijfning and the capaciry in which the person signs (if such capacity u nni obvious Jnm reading the demand). 




5 January 2001 
Date 



1. 


Date of actual receipt of DEMAND: 


2. 


Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 


3. 


1 — i The date of receipt of the demand is AFTER the expiration of 19 months 1 — | The applicant has been 
| 1 f r om the priority date and item 4 or 5. below, does not apply. ■ — ' informed accordingly. 


4. 


i — | The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended,by virtue of 
LJ Rule 80.5. 


5. 


r— | Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
1 1 is EXCUSED pursuant to Rule 82. 
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first 



(first, etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items: 



Priority 

Non-establishment of opinion with regard to novelty, inventive step or industrial applicability 
Lack of unity of invention 

H Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



I 


1*1 


II 


□ 


III 


s 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



3. The applicant is hereby invited to reply to this opinion. 

When? 



How? 
Also 



See the time limit indicated above. Tho applicant may, bofor e th e axpiration of that tim e limit, r e quost this 

By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 



For an additional opportunity to submit amendments, see Rule 66,4. 
For the examiner's obligation to consider amendments and/ or arguments , see Rule 66,4 bis. 
For an informal communication with the examiner, see Rule 66.6. 
If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 10 OCTOBER 2001 





Name and mailing address of the IPEA/US 

Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 2023 1 
Facsimile No. (703) 305-3230 


Authorized officer /^<7^~sh 1 

MINH TAM DAVIS L&y^ fj * 
Telephone No. (703) 308-0916 \J 



p nrm pr'T/TPPA/ATlS (rr\\n>T efi*»Pt\ /T«Ni TOOO\ ^ 



• 



WRITTEN OPINION 



International application No. 
PCT/USOO/ 16007 



I. Basis of the opinion 



1 . With regard to the elements of the international application: * 
the international application as originally filed 



X 



the description: 
pages 



1-104 



pages 
pages 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



105-108 



NONE 



NONE 



, as originally filed 

as amended (together with any statement) under Article 19 
, filed with the demand 



NONE 



, filed with the letter of 



the drawings: 

pages 

pages 

pages 



1-15 



NONE 



, as originally filed 
filed with the demand 



NONE 



the sequence listing part of the description: 

pages NONE 

pages 

pages 



, filed with the letter of , 



NONE 



, as originally filed 

, filed with the demand 



NONE 



, filed with the letter of . 



2, With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

| | the language of publication of the international application (under Rule 48.3(b)). 

the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 

1 1 contained in the international application in printed form. 

| [ filed together with the international application in computer readable form. 

[ | furnished subsequently to this Authority in written form. 

[ [ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable form is identical to the wnten sequence listing has 
' — ' been furnished. 

The amendments have resulted in the cancellation of: 

NONE 



4.L21 



X 



the description, pages_ 
the claims, Nos. 



NONE 



[~x1 the drawings, sheets/ftg NONE 



5. Q^j This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed". 



c 



WRITTEN OPINION 



International application No. 
PCT/USOO/16007 



HI. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 



1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be 
industrially applicable have not been and will not be examined in respect of: 



[ | the entire international application, 
fx] claims Nos. 5-10, 12-26 



because: 

□ the said international application, or the said claim Nos. _ relate to the following subject matter which 
does not require international preliminary examination (specify). 



| | the description, claims or drawings (indicate particular elements below) or said claims Nos. _ are so 
unclear that no meaningful opinion could be formed (specify). 



| j the claims, or said claims Nos. _ are so inadequately supported by the description that no meaningful 
opinion could be formed. 



no international search report has been established for said claims Nos. 5-10,12-26 



2. A written opinion cannot be drawn due to the failure of the nucleotide and/or amino acid sequence listing to comply with the standard 
provided for in Annex Oof the Administrative Instructions: 

1 1 the written form has not been furnished or does not comply with the standard. 

1 j the computer readable form has not been furnished or does not comply with the standard. 













WRITTEN OPINION 






International application No. 
PCT/US00/16007 


V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability, 
citations and explanations supporting such statement 


1 . statement 


Claims 


NONE 




YES 


Claims 


1-4, 11 




NO 


Inventive Step (IS) 


Claims 


NONE 




YES 


Claims 


1-4, 11 




NO 


Industrial Applicability (IA) 


Claims 


1-4, 11 




YES 


Claims 


NONE 




NO 



2. citations and explanations 

Claims 1, 4 lacks novelty under PCT Article 33(2) as being anticipated by Cote et al. 

Cote et al teach detection of p27 by immunoreactivity. Cote et al further teach that decrease p27 reactivity is significantly 
associated with an increased probability of recurrence and decreased survival of patients with stage C prostate carcinoma 
(abstract and figure 2). Cote et al further teach that 12 tumors show low or no detectable p27 reactivity, and that decreased levels 
of p27 are associated with tumor grade (abstract and table 1) . 

Claims 2,3 lack novelty under PCT Article 33(2) as being anticipated by Lloyd et al. 

Lloyd et al teach that Cordon-Cardo et al observed that p27 protein and mRNA are almost undetectable in both epithelial and 
stromal cells of benign prostate hyperplasia (p. 3 19, first column, second paragraph). 

Claim 11 lacks novelty under PCT Article 33(2) as being anticipated by US 5,688,665 A. 

US 5,688,665 A teaches nucleic acid molecules encoding p27 protein. 



NEW CITATIONS 

NONE 



{ 
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(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIII Sheet 10 



TIME LIMIT: 

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response 
received after the expiration of the time limit set in the Written Opinion will not be considered in preparing the International 
Preliminary Examination Report, 



